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CONQRESS OF THE United Btateb, In the House of Rbprbsentativeb, 

FORTT-FIRST CONORESS, SECOND Sbhsion, July 12, 1870. 
BtMilind &y tk« Home of BtprttmUMtiei, (Hie Senate tonearring,) That ten thousand addi- 
tional oopiea of the Beport of Uie Smithsonlui Institntion for the jear 1869 be printed, 
three thonsand of wbich shall he for the nse of the Senate, foni thonauid for the cm 
«f the Eoose, and three tboiuand for the oee of the Institution : Provided, That tho 
aggregate nnmber of pages of e^d r^ort shall not exceed four hundred and fifty, nnd 
tliat there shall bo no iUnstrations except those fDiuished by the Smithaouian Insti- 
tation. 

Od the 13th of July, lUTO, a message nas received from the Senato, bf Mr. Oorham, 
its Secretary, notifying the House that the Senate had agreed t« the said resolntion 
irithoDt amendment. 

Attest: BDW. HcPHERSON, Clerk. 

Per GEO. FRS. DAWSON, AetiiUint CUrk. 
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LETTER 
SECRETARY OF THE SMITHSONIAN INSTITUTION, 

Ila awmiuU report of the Smitkeotiian Inetitution/or the year 1869. 



SMITHSOKIAN In8TITtJTI0H, 

WatUngton, March 1, 1870. 
Sib : In behalf of tfae Board of Begeots, I have the honor to submit 
to the OoDgresa of the IJiiited States the anoaal report of the operations, 
etpenditores, and condition of the Stuithsoniau Inetitatiou for the year 
1869. 
I bare the honor to be, very respectfully, your obeilient servant, 
JOSEPH HENEY, 
Beentarji SMithwnian liutitutUm, 
Hod. S. Colfax, 

Pretiientof the Senate. 
Hon. J. G. Blaine, 

Speaker of the House of SepreaeTUaHvea. 
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ANNUAL REPORT OP THE SMPTHSONIAN INSTITUTION FOR 1869. 



This document coutains: 1. Xhe programme of orgaoization of the 
SmitbsoDian Institntiou. 2. Tbc anonal report of the secretary, giving 
an accoant of the operations and couditJon of the estahlishment for the 
year 1869, with the statistics of collections, exchanges, meteorology, &c. 

3. The report of the execative committee, exhibiting the financial nfiairs 
of the Institution, inclndiug a statement of the Smithsou fund, the re- 
ceipts and expenditures for the year 1869, and the estimates for 1870. 

4. The proceedings of the Board of Hegents. 5. A general appendix, 
consisting principally of reports of lectures, translations from foreing 
joornals of articles not generally accessible, but of interest to meteorol- 
ogists, correspondents of the Institution, teachers, and others interested 
in the promotion of knowledge. 
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PROGRAMME OF ORGANIZATION 

SMITHSONIAN. INSTITUTION. 



[PBESENTED IN THE FIRST ANNUAL REPofrr OF THE aECRETAHT, AITO 
ADOPTBD BY THE BOARD OF REOEKTS/'DGCEMBEB 13, 1847.] 



INTRODUCTION. 



Qeneral eonsidwatUmt tchich aJtould lerve ai a guide in adoptiv^'a Plan 
of Organisation, 

1. WiLi, OP SviTHaoN. The property is beqoeatiied to the UDited 
States of America, " to foond at Washington, ander tlie name of tin 
SKiTHSoniAN Institution, an establishment fiH- the increaae and diffu- 
sion of knowledge among men." 

2. The bequest is tor the benefit oi mankind. The Government of 
the United States is merely a trustee to carry out the design of the 
twtator. 

3. The Institution is not a national establishment, as la frequently 
■nppofied, but the establishment of an individual, and is to bear ami 
perpetuate his name. 

4. The objects of the Institntion are, let, to increase, and, 2d, to 
diffuse knowledge among men. 

6. These two objects should not be confounded with one another. 
The first is to enlarge the existiug stock of knowledge by the addition 
tt new truths ; and the second, to msseminate knowle^^ tJ^os increased, 
UDong men. 

6. The will makes uo restriction in favor of any purticnlsr kind of 
knowledge: hence all branches are entitled to a 8tuu« of attention. 

7. Knowledge can be iocreased by difEerent DUithods of facilitating 
and pn»ioting the discovery of new truths; aod can be most exteu- 
avely difinsed among men by means of the pnM. 

8. To effect the greatest ainouut of good, the organization should be 
mch as to enable the Institution to prodooe results, in ^ way of in- 
oreasing wid dif^sing knowledge, which cannot be prodoced either at 
ail or so efficiently by Uie existing iustitutions in our oountry. 

9. The organiratiim should also be such as can be adopted pfovis- 
iwallj i can be easily reduced to practice ; receive modiflcatioDS, or 
be abaadmed, in whole or in part, without a sacrifice of tJie ftiads. 

10. In order to compensate in some medsnre for Uie loss of time 
occasioned by the dels? of eight years in estaUisbing the Institntiou, 
a oou»derable portion of the interest whidi has aocraed should be added 
to the principal. 

11. In proportion to the wide field of koowledge to be onltivated, the 
funds are small. Economy should, tfaere&re, be ooDSoltnd ia the con. 
stroction of the building; and not only the first costof tbeedificeabould 
be coBsidecedr but also the coutiuwtl e^>ense of keeping it in repair. 
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and of tbe support of the establisbment necessarily cotinccted with it. 
There should also be but few individuals permaoeaUy supported by the 
Institution. 

12. The plan and dimensions of the boilding should be determined by 
the plan of the organization, and not thb converse. 

13. It should be recollected that mankind 'in general are to be bene- 
fited by the bequest, and that, therefore! all - unnecessary expenditure 
on local objects would be a perversion' of Hie trust. 

11. Besides the foregoi:]g considtrafijbns, de<laced immediately from 
the will of Smithson, regard must-be Dad to certain requirements of the 
act of ' Congress establishl^^.'fhe Institution. These arc, a library, a 
mnseam, and a gallery q£ art,' with a building on a liberal scale to con- 
tain them. 

.■:.'■-,.- SECTIOy I. 

Plan of orgamzation of tJie Institution in accordance with the foregoing 
dedvctiona from the will of Smithson. 

To INCEEASB KNOWLEDGE. It is proposed— 

1. To stimulate men of talent to make original researches, by offering 
snitable rewards for memoirs containing new truths; and, 

2. To appropriate annually a portion of the income for particular re- 
searches, under the direction of suitable persons. 

To DIFFUSE KNOWLEDGE, It is proposed — 

1. To publish a series of periodical reports on the progress of the dif- 
ferent branches of knowledge; and, 

2. To publish occasionally separate treatises on subjects of general 
interest. 

DETAILS OP THE PLAM TO INCREASE KSOWLEDGE. 

I. By siimuJating researches. 

1. Facilities afforded for the production of original memoirs.on all 
branches of knowledge. 

2. The memoirs thus obtained to be published in a series of volumes, 
in a quarto form, and entitled Smithsonian Contributions to Knowledge. 

3. No memoir on subjects of physical science to be accepted for pub- 
lication which does not furnish a positive addition to human knowledge, 
resting on original research ; and all unverifled speculations to be re- 
jected. 

4. Each memoir presented to tbe Institution to be submitted for 
examination to a commission of persons of reputation for learning in tbe 
branch to which tbe memoir pertains; and to be accepted for publica- 
tion only in case the report of this commission is favorable. 

5. The commission to be chosen by the officers of the institution, and 
the name of the author, as far as practicable, concealed, unless a favor- 
able decision is made. 

6. The volumes of tbe memoirs to be exchanged for the transactions 
of literary and scientific societies, and copies to be given to all the col- 
leges and principal libraries in this country. One part of the remain- 
ing copies may be offered for sale, and the other carefully preserved, 
to form complete sets of the work, to supply the demand from new insti- 
tatioDB. 

7. An abstract, or popular acooant, of the contents of tfaeM.i^»loir8 
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to be given to the public throngh the annnal report of the Regents to 
Congreaa. 

II. By appropriating a part qf the income, annually, to special objects 
of restart, under the AirectAon of suitable persons. 

1. The objects and the amount appropriated, to be recommended by 
coDDSellors of the Institution. 

2. AppropriatiouH in diU'erent years to different objects ; so that in 
coarse of time each bnincb of knowledge may receive a ^hare. 

3. The results obtained from these appropriations to lie published, 
with the memoirs before mentioned, in the volumes of tlie Smithsonian 
Contributions to Enowledge. 

4. Examples of objects for which appropriations may be made. 

(1.) Sybt«m of extended meteorological observations for solving the 
problem of American storms. 

(2.) Explorations in descriptive natural history, and geological, mag- 
netieal, and toiwgraphicul su^^'eyH, to collect mat€rials for the foruiution 
of a Physical Atlas of the United States. 

(3.) Solution of experimental problems, such as a new determina- 
tion of the weight of the earth, of the velocity of electricity, and of 
light; chemical analyses of »oilH and plants; collection and publicsition 
ol scientific facta ac«!»nmlated in the offices of government. 

(4.) Institution of statistical inquiries with reference to physical, 
moral, and political subjects. 

{'>,) HistoricAl researches, and accurate surveys of places celebrated 
in American history. 

(6.) Ethnological researches, particularly with reference to the dif- 
ferent races of men in North America; also, explorations and accurate 
surveys of the mounds and other remains of the ancient people of our 
counti-y. 

DETAILS OP THE PLAN FOR DIFFUStNG KNOWLEDGE. 

L By the publication of a series of reports, giving an account of the nev) 
discoveries in science, and of the changes made from year to year in all 
braitehes ofknowleilge not strictly professional. 

1. These reports will diffuse a kind of knowledge generally interest- 
ing, but which, at present, is inaccessible to the public. Some of tlie 
reiHtrts may be published annually, others at longer intervals, as the 
iwvme of the Institution or the changes iu the brauches of knowledge 
may indiciite. 

2. The reports are to be prepared by collaborators eminent in the dif- 
ferent brauchesof knowledge. 

3. Each collaborator to be furnished with the journals and publica- 
tions, domestic and foreign, necessary to the compilation of his re[iort ; 
Iu be paid a certain sum for his labors, and to be named on the title- 
I>age of the report. 

4. The reports to be published in separate parts, so that persons inter- 
ested in a particular branch can procure the parts relating to it without 
purchasing the whole. 

5. These reports may be presented to Congress, for partial distriba- 
tion, the remiiiuing copies to be given to literary and scientific institu- 
tions, and sold to individuals for a moderate price. 

The following are some of the subjects which may be embraced in the 
reports :• , ■ 

'Ibis port of the plan bao been bat putlBl|]r(MiTriedont.^'^"~'(^"~ 
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I. FSTSIOJkL CLASS. 

1. PhyBlcs, iDcluditig astronom;, natural philosophy, chemistry, and 
Bieteorology. 

2. Kataral history, Indading botany, zoology, geol^y, &o. 

3. Agricultare. 

4. Application of science to ute. 

n. MOEAL AMD POLITICAL CLASS. 

5. Ethnology, including particular history, comparattre philology, 
antiquities, &c. 

6. Statistics and political economy. 

7. Mental and moral philosophy. 

d. A survey of the political events of the world ; penal ref<nin, &c. 

TO. LITEEATUBE AHD THE FINE A£T8. 

9. Modem literature. 

10. The hue arts, and their appUcation to the useful arts. 

11. Bibliography. 

12. Obituary notices of distinguished individuals. 

II. Bif the publication of 8^ara^ treatises on tvbjeeta of general mtereat. 

1. These treatises may occasionally consist of valuable memoirs 
translated from foreigo languages, or of articles prepared under the 
direction of the Institution, or procure-d by oftering premiums for the 
best exposition of a given subject. 

2. Tbe treatises should, in all cases, be submitted to a commission of 
competent judges, previous to their publication. 

3. As examples of these treatises, expositions may be obtained of the 
present state of the several branches of knowledge meutioned in the 
table of reports. 

SECTION II. 

Plan of organization, in accordance icith the terms of the resolutions of the 
Board of Regents providing for the ttco modes of inoreanng and diffusing 
knowledge, 

1. Tbe act of Oougress establishing the Institution contemplated the 
formation of a library and a museum ; and the Board of Regents, in- 
cluding these objects iu the plan of organization, resolved to divide the 
incoute* into two equal parts. 

2. One part' to be appropriated to increase and diffuse knowledge by 
means of publications and researches, agreeably to the scheme tofore 
given. The other part to be appropriated to the formation of a library 
and a collection of objects of nature and of art. 

3. These two plans are not incompatible with one another. 

■4. To carry out the plan before described, a library will be required, 
consisting, 1st, of a complete collection of the transactions and proceed- 
ings of all the learned societies iu the world ; 2d, of the more important 
current periodical publicatious, and other works necessary in preparing 
tbe periodical reports. 

"Thi'iuitoniitof tbs ^nmuoniM) beqneat reoeived into tbeTreMnryof tbe 

United States is 1615,169 DO 

IntAreaton thflsamatoJulj' 1, 1846,(devoted to theenotiou of the building) 943, 1S» 00 
AnDDoJ income from the Iteqaett 30,910 14 
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6. Tbe Institution should make special colleotioas, particularly of 
objects to illastrate and verify its own pablications. 

6. Also, » collection of instnunents of researcli in all branches of ex- 
perimental science. 

7. With reference to the collection of books, other than those raeo- 
tioned above, catalognes of all the different libraries in the United 
States shoald be procured, in order that tbe valuable books first pur- 
chased may be such as are not to be found in the United States. 

8. Also, catalogues of memoirs, and of books and other materials, 
should be collected for rendering the Institation a center of bibliograph- 
ical knowle-dge, whence tlie student may be directed to any work which 
he may require. 

9. It is believed that the collections iu natural history will increase 
by donation as rapidly as the income of tbe Institntion can make pro- 
vision fbr their reception, and, therefore, it will seldom be necessary t« 
purchase articles of this kind. 

10. Attempts should be made to procnre for the g^lery of art casts 
of the most celebrated articles of ancient and modem sculpture. 

11. The arts may be encouraged by providing a room, tree of ex- 
pense, for the exhibition of tbe objects of the Art-Union and other 
similar societies. 

12. A small appropriation should annually be made for models of an- 
tiqnittes, sach as those of the remains of ancient temples, &c. 

13. For the present, or until the bnilding is fully completed, besides 
tlie Secretary, no permaueut assistant will be required, except one, to 
act as librarian. 

14. The Secretary, by the law of Congress, is alone responsible to 
the Begente. He shall take charge of the building and property, keep 
a record of proceedings, discharge the duties of librarian and keeper of 
tlte museum, and may, with the consent of the Eegent^, employ omf tents. 

15. Tbe Secretary and his assistants, during the session of Congress, 
will be required to illustrate new discoveries in science, and to exhibit 
new objects of art. Distinguished individuals should also be invited to 
give lectures on subjects of general interest. 



This programme, which was at first adopted provisionally, has be- 
come the settled policy of tbe Institntion. The only material change 
is that expressed by the following resolutions, adopted Januaiy 15, 
1855, viz: 

Betolved, That the 7tb resolntion passed by the Board of i Begents, 
on tbe 26th of January, 1847, requiring an eqoal division of the income 
between the active operations and the moseum and library, when the 
boildings are completed, be, and it is hereby, repe^ed. 

I^olved, That hereafter the annual appropriations shall be appor- 
tioned specifically among the different objects and operations of the 
Institntion, in such manner as may, in the judgment of the Regents, be 
necessary and proper for each, according to its intrinsic importance and 
a compliauce in good faith with the law. 
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PROFESSOR HENRY, SECRETARY OF THE SMITHSONM IKSTITUTIOK, 

1869. 



To the Board of Regents : 

OmmxMEm : The lustitatiOQ intrnsted to your {faardlauship by the 
CoDgress of the United States, has, during the ^past year, continaed its 
operations in the line of iucreasing and diffusing knowledge with una- 
bated energy. The sphere of its infiuence in this country and abroad 
has trom the first been constantly on the increase, and it is now not too 
mnch to say tliat no institutioD founded by the liber^ty of a private 
individual ever attained a wider or more favorable reputation. It is 
true, its character is sometimes misunderatood, but this cannot be a 
matter of surprise when we reflect tbat it differs ih many particulars 
from all other institutions, and that without an attentive perusal of the 
(Hinnal reports, no adequate idea can be obtained of its varied field of 
labor, or of what it has done and is doing to promote the special objects 
denoted in the will of its founder. It is here sufBcient to mention that, 
besides adding to the sum of human knowledge by its own operations, 
and connecting its name with the history of almost every branch of 
science, it has become the general agent throngb which the inteUectoal 
labois of the eastern and western hemispheres are brought into etBcient 
cooperation. The importance of its labors and the influence of the 
intemational communication which it has established, can only be pro- 
perly estimated by those who are acquainted *ith the distinctive char- 
acteristics of modern civilization, and who realize the fstct tbat it 
mainly rests on the development of a knowledge of the laws of nature 
and the application of these laws U> the uses of life. Science not only 
gives man control over the physical elements, and thus tends to eman- 
cipate him from the curse of brute labor, but also serves to widen the 
domain of bis intellectual activities and enlarge the sphere of his moral 
empathies. By an attentive perusal of the following report, I think it 
will be admitted by all who are competent to form a proper opinion on 
the subject, that what I have claimed for the Institution is not too 
much, and tbat any departure from the general policy which bus been 
constantly pursued from the beginning, would be attended with unfortu- 
Dftte consequences. 

FotAXCEB.- — At the last session of the Board it was resolved tbat a 
memorial be presented to Congress, setting tbrth the large expeodi- 
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tnre to which the In8titntio& bad been snbjected by reason of the ao- 
commodation aud maintenance of the Natiooal Moseam, and asking 
that the nsual appropriation of 94,000 that bad been made on this 
aeconnt be increased to $10,000; also, that $35,000 be appropriated 
toward fitting up the large room in the second story of the main bnild- 
Ing, for the better exhibition of the government collections. In accord- 
ance with this resolution a petition was prepared, signed by the Ohan- 
cellor and Secretary of the Institution, and presented to the House of 
Bepresentatives by General Garfield, one of the Begents. It was re- 
ferred to the Committee on Appropriationa, aud although forcibly ad- 
vocated by the members of the Board belonging to the Hoase, it was not 
granted, and only the usual sum was appropriated. The same memo- 
rial has, through the Secretary of the Interior, again been presented to 
Congress. The reasonableness of this petition must be manifest when 
it is considered that $4,000 is the snm which the maintenance of the 
museum cost the gotemment when it was in charge of the Patent Office, 
and that since its removal to the Institution it has increased to three 
times its original size, while the money has depreciated to one-half its 
former value. From an accurate analysis of the accounts it appears 
that the items directly chargeable to the museum during the past year 
amount to $15,000, This sum is exclusive of the interest on $144,000, 
which has been expended since the fire in the restoration of the build- 
ing, principally for the accommodations for the museum. Owing to the 
fall in the premium on gold, and the non-payment of interest by the 
State of Virginia on bonds held by the Institution, the income during 
the past year has been less than the estimate by upward of $2,400. It 
has, therefore, been necessary to diminish expenditures in certain direc- 
tions, in order to carry out the plan of accumulating a sufficient surplus 
in the treasury at the beginning of the year to de&ay, in cash, as far as 
possible, all the current expenses. From the report of the Executive 
Committee it will be seen that this plan has been rigorously carried out ; 
that the balance on hand at the beginning of 1870 was nearly $21,000, 
with outstanding bills of $3,000, which is about the amount of indebted- 
ness at the commencement of last year. The finances of the Institution 
may, therefore, be exhibited as follows : 
The whole bequest of Smithson in the United States Treas- 
ury $541,379 63 

Additions from savings, &c., also in the United States 

Treasury...: 108,620 37 

Virginia State stock, ($72,760,) valued at 42, 200 80 

Cash on hand 20,969 65 

Total 713,170 45 

Deduct bills due, (about) 2, 909 65 

Which leaves, as the present capital 710,200 80 

L-,.„...„L7Oo0le 
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!n>e inflome from the SmithaoQ food during tlie year 1869, inclaamg 
Oie praminm on gold, was 949,515. 

In a late report fh>ni the Treasnry Department, giving a list of tbe 
^ptopriattoDB of Oongress for the District of Colombia, a large amonnt 
is pat down to the Smithsonian Institation. This statement, without 
expluiation, would give an erroueoas impreasioB. From the organiza- 
tion of the Institution to tbe present time it cannot properly be said 
that the government has appropriated a single dollar from the public 
treasury for the Institution. The principal " appropriations" mentioned 
in the report in question were not from the public money, but from the 
Smithflon fond deposited iu the Treasury of the United States. The only 
appropriation from the national treasnry which might appear to be for 
the benefit of tbe Institution, is that of $1,000, annually made for the 
care and exhibition of tbe Ooverument Musenm, and, also, at one time 
tlO,000, and at another (4,000, to erect cases for the better preservation 
of the specimens ; and even in these iDstaoces, as has been shown, the 
Institution was far from being reimbursed for the actual expenditure on 
the care of the maseum. 

CodPEEATiOM WITH GoTERKMENT Depabtmekts.— It has always 
been a prominent feature in the policy of the Institution to act in uuisoo 
with other inetitntions, and especially to coSperate with the several 
departments and bnreaus of the general government in all cases in 
which their respective functions wonld admit of such cooperation. 
It is in accordance with this policy that the extensive and rapidly 
increasing librai? of the Institation has been incorporated with that of 
Congress, and that a similar arrangement, mentioned in the last report, 
for transferriog to tbe Dei>artment of Agriculture the large Smithsonian 
herbarium, has been completed. It is also in accordance with this policy 
that an arrangement has been made with Surgeon General Barnes by 
which all the crania and other of the osteological specimens of the In- 
stitution have been transferred to the Army Medical Museum. 

These cooperations, while they relieve the Institution from the expend- 
iture of more than $10,000 annually, and thus enable it to more vigor- 
ously prosecute its researches, to publish a larger number of coutribu- 
tions, and to extend its system of international exchanges, teud also to 
increase the amonnt of scientific material in the capital of the United 
States, as well as to fitcilitate its employment in the advance and diffu- 
sion of knowledge. 

T\nB Institation and its collaborators have the nse not only of its 
books deposited in the Capitol, but also that of those in tbe National 
Library, as may be seen by tbe terms of the deposit given in a previous 
report. Also, agreeably to the terms upon which the plants were trans- 
ferred, they are accessible to tbe public for practical or educational 
purposes, and to the Institution for scientific investigation. Further- 
more, a botanist approved by the Institution has been appoiuteil, who 
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is to baro charge of the specimeiis and be ready at all times to gire 
botanical infonaatioa that may be required by the general public or by 
the Smithsoaiaa correspoudents. Moreover, in return for the specimens 
transferred to the Medical Museum the Institution receives £tx)m the 
officers of the army all collections made in ethoology and in special 
branches of natoral history. 

PuBLiCATiOHB, — ^The publications of the Institution form an essential 
pai-t of its operations and constitute the principal basis of the great sys- 
tem of Smithsonian international exchanges. As has been frequently 
stnted in previous reports, they are of three classes : the Contributions 
to Knowledge, the Miscellaneous Collections, and the Annual Reports. 
Tlio first consist of memoirs containing positive additions to science 
resting on original research, and which are, principally, the result of 
investigations to which the Institution Ims in some way rendered assists 
ance. The Miscellaneous Collections are chiefiy composed of works 
intended to facilitate the study of ethnology, natural historj-, and mete- 
orology. They are designed to facilitate the progress of those who en- 
gage in special stndies, to which, in their leisure moments, their thoughts 
may recur, and in oonuectioD with which, while contributing to their 
own pleasure, they may advance the cause of science. The Annual 
Reports, besides giving an accouut of the operations of the Institution, 
fhrnisb, in an appendix, matter of importance to the meteorological 
observer and of interest to the geneml public. The Contributions and 
Miscellaneous Collections are published at the expense of the Smithsou 
fund, while the Reports, with the exception of the illustrations, are 
printed by the goremment. 

The following is a list of the quarto publications that have been 
priuted during the present year: 

1. On the Gray Substance of the Medulla Oblongata and Trapezium. 
By John Dean, M. D. 

2. On the Orbit and Phenomena of a Meteoric Fire-ball, seen July 20, 
18C0. By Professor J. H. Coffin, LL.I>. 

3. On the Transatlantic Longitude. By Benjamin A. Gould. 

i. Tbe Indians of Cape Flattery, at the Entrance of the Strait of Fnca, 
Washington Territory, By J. G. Swan. 

5. Systems of Consanguinity and Affinity of the Human Family. By 
Lewis H. Morgan. 

C. On the Gliddon Mummy Case in the Museum of the Smithsonian 
Iiistitiltion. By Chas. Pickering. 

7. A new edition of Brewer's North American Oiilogy. 

Of these Nos. 1 to 6, together with Hildreth's and Cleveland's Meteor- 
ological Observations, previously described, form the ICth volume of 
Smithsonian Contributions to Knowledge, which will be distributed to 
the foreign correspondente of the Institution in the next invoice, and. 
as soon as an additional nomber can be bound, to the public institutions 
of this country. ^^ ^^^^ ^^^ GoOg Ic 
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The followlDg are the titles of the articles of the octavo series that bare 
been printed during the year, or are now in press : 

1. Land and Fresh Water Shells of Sortb America. Part I. By W. 
G. Binney and T. Bland. 

2. Fbotngrapbic Portraits of North American Indians in the Gallery 
of the Smithsonian lostitutioD. 

3. List of Foreign Correspondents of the Smithsonian Institntion. 
"Sew and enlarged edition. 

4. Directions for Collecting, Preserving and Transporting Specimens 
of Natnral History. Prepared for the use of the Smithsonian Institu- 
tion. (New edition.) 

6. Tables, Meteorological and Physical, prepared for the Smithsonian 
Institntion. By A. Guyot, P. D., LL. D. (New edition.) 

6. Circular in Reference to the Degrees of Belationship among Di£^' 
ent Nations. (New edtfion.) 

At the request of the Institntion the preparation of the Manual of the 
Land and Fresh Water Shells of Nori;h America was undertaken by W. 
G. Binney. TIio second and third part* of this work were published 
some jeari ag<^ and have been described in previons reports. The 
first part, which completes the work, was issned during the year 
1868, and forms by itself a volume of 338 pages, illustrated with mray 
woodcnte. The work was at first undertaken by Mr. Binney alone, but 
be afterward, in this part, associated with himself Mr. Thomas Bland, of , 
New York. It oontains a description of all the species of land shells 
known in Jannary 186S, within the geographical limits of Nortii Amer- 
ica, from the extreme North to the Bio Grande and Mazatlan. It is con- 
sidered a valuable contribution to the stndy of conchology and is in 
great demand among those interested in the pursuit of this branch of 
natural history. 

From the stereotype plates of these octavo works, irom which impres- 
sions bare been printed and separately distributed in pamphlet form, two 
additional vohimes of the Miscellaneous Collections have been made up, 
and are nearly ready for distribution. 

On acconnt of the great outlay for the building during the last few 
years, the appropriations for publications have been restricted; yet &om 
the foregoing it will be seen that we shall be able to distribute in our 
next foreign invoice one quarto and two octavo volumes, which, with 
the Annual Beport, will make four volnmcs of publications issned dur- 
ing 1869. 

A brief acconnt has been given in pre%iou8 reports of the contents of 
aU the papers forming the 10th volnme of Contributions, excepting the 
Gliddon Mummy Case, the Indians of Cape Flattery, and the Trans- 
atlantic Longitude. 

The first of these is by Dr. Charles Pickering, of Boston, one of the 
ethnologists of the United States Exploring Expedition, under Admiral 
Wilkes. It relates to an interesttng specimen of Egyptian aroluecdogT 
28 
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preaented, in 1842, by Mr. Gliddon, the Egyittologtst, to the national 
collection now in charge of the Smithsonian loBtitation, bat at that time 
in the United States Patent Office. It consists of a part of tbe lid of 
a mummy case procured at Sacara from an Arab. It does not bear any 
inscription by which its date can be determined, hut it is supposed by Dr. 
Pickering to belong to a very early period, and to bo among the oldest — 
if not the very oldest — of specimens of hieroglyphic writing known. 
Tbe earliest writing, of ascertained date, was executed in the third dy- 
nasty fix>m 3110 to 3080, B. 0. ; but, according to Dr. Pickering, the 
writings on the mummy case in the Institution are of a style different 
firom, and clearly anterior to, that executed in the third dynasty. To- 
ward the beginning of this era, on the authority of Hanetho, writing 
was improved, and as all improvements of this kind have tended in the 
direction of an increased facility, this mnmmy case at least seems lo 
have preceded such a change. The lid was divfded by Mr. Gliddon into 
three parts ; the Qsat part is tbe one just described, the second was pre- 
sented to the Naval Lycenm of Brooklyn, the third to Mrs. Ward, of 
Kew York. Diligent though unsuccessful inquiry haa been made for the 
missing parts, in order to have them also figured and desci'ibed ; and 
now, through this report, attention is again called to the subject, with 
the hope that if the other portions of the ltd are still in existence, iu- 
fbrmation of the fact may be commnnioated to the Institution. The 
part of the lid above described is represented on a large plat« which 
presents a f^ic-simile of the figures as to size Euid color. 

The second nndescribed paper is that on the Indians of Cape Flattery, 
which, there is no doubt, will be considered an interesting coutribntiou 
to ethnology. It was prepared, at tbe request of tbe Institution, by Mr. 
James Q. Swan, an agent of the United States ^^vernment, who had 
long resided with the tribe of which be has given an account. This 
taibe occupies tbe extreme northwestern part of Washington Territory, 
opposite Vancouver's Island, from which it is separated by the Strait of 
Fuca. The paper contains a foil account of the mauners and customs 
of these Indians, and a description of their implements, utensils, cloth- 
ing, modes of travel, fashion of coostrncting houses, &c. It also gives 
a minute account of the festivals and ceremonies of these Indians, and 
of the various mytba with which these are connected. Among other 
singular superstitions is that of tbe resurrection, aa it were, of the flesh 
of the body bnt not of the bones, which are left in the graves; that 
the spirit world is in the center of the earth, where the inhabitants are 
somewhat incommoded by iiSd want of tbe ossftous part of their bodies. 
The memoir is illustrnt^d by a large number of woodcuts, most of them 
copied from specimens now in the museum of the lustitution. In the 
absence of the author of the work it was edited by George Gibbs, esq., 
who has added occasional notes, and also a vocabulary of the Maknh 
tribe, fonished by Mr. Swan. 

The third memoir to be described is the report of Dr. B. A, Qonld on 
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the Transatlantic Longitude. The principal results of this investigation 
vere eommonlcated by Dr. Goatd to t)io meeting of the National 
Academy of Sciences, daring its session in 1867, and the report in foil 
was presented to the Institution for pablication, with the consent of the 
Snperintendent of the Coast Survey, Professor Peirce, in Fobroary 
I8G9. It relates to the determination of the difference of longitude 
between England and America, by means of the electro-magnetic tele- 
graph. This method was first practically applied in the Coast Survey 
of the United States, between piaces in this country, and received its 
full development iu this great national work before it began to be nsed 
olsewhera Previous to the introduction of this method, three others 
bad been employed on the Survey. First, that of observations of the 
time of the culmination of the moon at the two places between which 
the diSierence of longitnde, or, in other words, of time, was to be deter- 
mined; second, that of observing the times of beginning and ending of 
eclipses of the son and of occnltations of known stars by the {Hissage 
over them of the moon ; and third, that of transporting a large nnmber 
of chronometers between England and America a uamber of times in 
sncoession and obtaining the average difference of time as indicated by 
the whole series. . The determinations of the transatlantic longitude 
which have been obtained by these methods have been generally re- 
ferred to the Capitol at Washington and the Observatory at Greenwich, 
England, as standard points. From the several methods jnst men- 
tioned, and also ttom that of the electro-magnetic telegraph, the fol- 
lowing results have been obtained : 
From eclipses and occnltations the difference in time 
between the dome of the Capitol and the Greenwich 

Observatory is S^ 8" 14'.86 

From moon culminations the difference is S"" ^ IC.IS 

From the transportation of chronometers the difference 

is 5" 8" I2'.30 

From the transmission of electricity through the cable, 
and the nse of the electro-magnetic telegraph, the dif- 
ference was found to be 6'' 8" 12*.45 

By the last method the difference of time between the ends of the 
cable was probably determined within the fraction of a second, bat as 
the signals oonid not be sent directly between Greenwich and Washing- 
ton, a somewhat greater departure from the actual difference must be 
allowed. This difference is, however, very small, not exceeding, per- 
haps, a single second. 

The process of ascertaining the difference off time, or in other words, 
tbe deference of longitnde of two points, by means of the telegraph, 
} in transmitting a series of signals either way through the con- 
rr, and in observing the exact thne of the appearance of the signal 
4t«tte station, while its time of starting is registered at the other. If 
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the transmission of the signal were instantaaeoos, the differencfl of time 
observed would be the exact diflference of longitude ; bnt if any time 
elapses between the making of the signal at one station and ita appear- 
ance at the other, the difference of time will be greater tlian tiie troe 
time when the signal is sent eastward, and less than it wiien sent west- 
vard. If the velocity of traosmisaiou be the same in both directions, 
the true difference of longitnde will be obtained by taking the mean of 
two sets of differences, the one giving the longitude as much too great 
as the other gives it too small. 

From experiments on the velocity of transmission of electoical im- 
pulses through long conductors, it is probable that the first part, as it 
were, of the electrical wave reaches the distant station in an inappre- 
ciable moment of time, but that in order to overcome the inertia, and 
give perceptible motion to the signal apparatus, an accumulation of 
power is required. The time necessary to this accomulation will 
depend on the weight, and other causes of resistance in the apparatus, 
and also ou the intensity of tiie electrical current; hence, the two instru- 
meota ought to have precisely the same degree of sensitiveness, and the 
battery daring the continuance of the experiment shoold retiUn the same 
electro-motive power. 

The method of telegraphing, employed with the cable, is that devised 
by Sir William Thomson, of Glasgow, and is founded on the applica- 
tion of the principle of reflection first applied to instruments of pre- 
cisioa by our countryman, Joseph Saxton, of the Coast Survey. It 
oonsista of a mirror of abont half an inch in diameter, to the back of 
which is attached a small magnetic needle, the joint weight of the two 
being less than one grain, which is suspended, by a single fiber from 
the cocoon, in the center of a coil of many spires of fine wire, forming 
part of the galraoic circuit. Upon this mirror is thrown a beam of 
light through a slit in front of a bright kerosene lamp, and the deflec- 
tions of the needle are noted by the movements of the reflected beam 
received apon a slip of white paper. The exquisite delicacy of this gal- 
vanometer, as well as the conducting power of the telegraphic cable, 
may be appreciated from the result of an experiment in which signals 
were sent fi:om Ireland to Kewfoundland, a distance of 2,160 miles, by 
means of a battery composed of an ordinary percussion gun cap, in 
which was inserted a morsel of zinc and a drop of acidulated water. 

For determining the time in these observations, a small transit instru- 
ment, a chronograph, and an astronomical clock were required at each 
station, for the accommodation of which a temporary observatory was 
erected. The observations on the American side were in charge of Mr. 
O. W. Dean, with the assistance of Mr. E. Goodfellow, while those on 
the coast of Ireland, as well as the general direction of the enterprise, 
were under the charge of Dr. Oould, assisted by Mr. A. T. MosmSA. 
l^e nse of tite cable was freely granted by the Anglo-American Com- 
pany, and Dr. Qonld received trom the astronomer royal, Dr. Airyt and 
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Ute tilectriciaDS of the compan;, all the facUitieB and aasistaDce necea- 
swy to the nnderb^ng. The report contains a series of iavestigstioits 
relative to the time of tmnsmiBsion of signals, and other points, which 
zaa only be properly understood by a study of the work itself. 

The Anna^ Report for the year 1868 was printed, aa usual, by order 
of Congress, and the extra number of ten thousand copies ordered. I 
wonid again nrge upon Congress the propriety of increasing the num- 
ber of copies, since the demand has become so great that it is impossi- 
ble, with the number above mentioned, to meet the ai)plicatioDS fur tbem 
of the correspoudents of the Institution or of the constituents of the 
members of Congress themselves. 

In addition to the report of the Secretary giving an account of the 
operations, expenditures, and condition of the Institution for the year, 
and the proceedings of the Board of Begents, it contains the following 
articles : List of Smithsonian meteorological stations and observers in 
HorUi America and a^iacent islands, trom 1819 np to the end of 18C8; 
Memoirs of Cnvier, and history of his works, of Oersted, Scbonbein, 
Encfce, and Hodgkinson ; Articles on recent progress in relation to the 
tiieory of heat ; Principles of the mechanical theory of beat ; Continu- 
ous vibratory movement of all matter ; Radiation ; Synthetic experi- 
ments relative to meteorites ; Catalogue of meteorites in Yale College; 
The electric resonance of mountains ; Experiments on aneroid barome- 
ters ; Anniversary address of the president of the Eoyal Society of 
Victoria; Report of the transactions of the Society of Physics and 
l^Tatoral History of Geneva, and of the Anthropological Society of Paris ; 
An original communication on drilling in stone without metal, and on a 
deposit of agricultural flint implements in Southern llbnois, by Charles 
Ban; S^otice of the Blackmore Museum, England; Programmes of 
several foreign societies; An accountof the assay of coins at the United 
States Mint; Table of foreign coins; and a complete list of the publi- 
cations of the Smithsonian Institution. 

iNTBBNATionAL ExcHANaES. — ^The tvo objects of the bequest of 
Saiithson, as briefly, though clearly, expressed in his will by the terms 
"increase" and "diffusion" of knowledge, are both fully provided for in 
the plan of organization. The iiwreaae of knowledge is principally effect- 
ed by the researches that are instituted at the expense of the Smlthson 
fiind in the various branches of science, and the diffusion of knowledge 
by tJie publication of the results of these researches and tbeir distribution 
to all the principal libraries of the world, and still more generally by 
the great system of international exchange which has been established. 
The effect of this system, in its present enlarged dimensions, in the way 
of facilitating direct correspondence between the scientific men of the 
<Hd and New World, can scarcely be overestimated. 

Dndog the year that bas just dosed, 1,734 packages, containing many 
1 different articles, have been transmitted to 1,569 parties in 
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foreign conntries. These packages vere cootained io 112 boxes, baviug 
a cubical content in the aggregate of 1,033 feet, and weigliiug 23,376 
ponndB. The pacliages were not only from InBtitutions within the limits 
of the United States, bat also from those in Canada, Central and Soatk 
America. The parcels received at the Institution for parties in this 
country numbered 2,600, about one- third more than were received during 
the preceding year. The separate volumes, parts of volumes, and pam- 
phlets contained in these parcels would amount to many times the num- 
ber just given, those for the Institution alone amounting, as will be sub- 
sequently stated, to 5,555. When it is considered that these works are 
the published original records of the discoveries of the day in the various 
branches of science; that they mark the progress of man in a higher 
civilization, and that the system of exchange tends to unite in one effort, 
as it were, the labors of those who are endeavoring to enlarge the bounds 
of knowledge, it is impossible to conceive of a system more ef&cient or 
better calculated for realizing one of the conceptions of Smithsoo, that 
of ditfiising knowledge among men. 

Tbe exchanges thus far have principally been confined to books, 
although large uumbersof specimens have been sent abroad on the port of 
the Institution. Full returns have not yet been asked for these, but one 
of the conditions on which the specimens are gi\'eu is that whenever the 
government shall see fit to make provision for the full support of a 
national museum, then specimens will be r«qaired in return. It is 
proper to state, however, that in all cases in which the Institution has 
signified its desire to obtain specimens for special investigations, or 
for the illustration of a particular snbject, such as geology and anthro- 
pology, liberal responses have been mada 

The Smithson packages, witii the single exception of those for Italy, 
are passed through all the custom-houses of the world free of duty and 
without examination} and this exception will, we think,' be removed as 
soon as the negotiations now in progress are completed. Efficient aid 
during 1869, as in previous years, has been rendered the Institntiou in 
the transportation of its packages to and from the United States, free 
of charge, by the following companies, viz : The Pacific Mail Steamship 
Company, Korth German Lloyd, Hambarg American Steamship Com- 
pany, General Transatlantic Steamship Company, Pacific Steam 21avi- 
gation Company, Inman Steamship Company, Conard Steamship Com- 
pany, California and Mexico Steamship Company, Panama Bailroad 
Company, Mexican Steamship Company, Union Pacific Bailrood, United 
States and Brazil Steamship Company, North German Lloyd, (Balti- 
more line,) and the Atlantic Mail Steamship Company. It gives me 
much pleasure to make this public statement in regard to an act which 
deserves commendation, not only on account of the liberal spirit which 
it manifest, but also on that of tbe enlightened appreciation which it 
evinces of tbe objects of the Institution. Notwithstanding the aid 
which has been thus liberally extended, the cost of tiie exchanges now 
amounts to about $5,000 ner annum. LtOIH^IC 
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The following are ttie cesters to which the Smithson iDvoices are 
consigoed: Leipsic, care of Dr.' Felix FlUgel; London, care of William 
Wesle; ; Paris, care of Gustavo Bossangc ; AmBterdam, care of Frederic 
Miillerj Milan, care of L. dell' Acqnaj Christiana, care of Professor 
Hoist', of the University. The packages for Asia, Africa, and Oceautca 
are principally sent through London or the American Missionary Socie- 
ties. The invoices to South America are forwarded, through the gra- 
taitoos services of Mr. Hillier, of the Kew York custom-house, by 
regular trading vessels from that city. 

. In 1867 a proposition was made to the Institution by the Librarian of 
Congress relative to establishing and condactlni; a system of exchange 
of official documents between the government of the United Btates and 
that of other nations. In accordance with this, a circular was addressed 
to the different governments having relations with the United States 
for the purpose of ascertaining their views as to such an exchange, la 
every case tl}e proposition was regarded with favor, and at the ensuing 
Bession of Congress an act was passed directing that fifty full sets of nil 
documents published at the Government Printing Office should be set 
apart for the purpose in question, and appropriating a sufficient sum to 
defray the necessary expenses. Unfortunately, however. Congress 
Defected to direct the Public Printer to strike off the copies requisite 
for this purpose, in addition to the regular number previously required 
for the use of the government, iind it was not until recently that the 
necessary legislation was procured to remedy this omission. As soon 
as the printing and binding of the documents of the last session of 
Congress are completed the proposed exchange will be initiated. In 
anticipation of the receipt of the annual supply of the documents of 
our government, several large packages containing documents of foreign 
countries have been already received. 

On account of the large additions that have been made of late years 
to the number of societies and other parties in correspondence with the 
Institution, a new and revised edition of the list of the former became 
necessary, and this was prepared daring the last year. In order to 
insure accuracy in the titles and localities of the various establish- 
ments, proof-slips of the list were sent to the leading foreign societies 
through our agents, and also to the diplomatic representatives in this 
coontrj-. In all cases prompt attention was given to our request, and 
many important corrections and suggestions were received. This list, 
wbid) now numbers 1,087 literary and scientific establishments, is not 
only essential to the Institution in addressing its foreign packages, but 
also, for a similar purpose, to the libraries and societies in difi'erent parts 
of the United States, Canada, and South America. 

LiBBART. — The works, which have been received from all parts of the 
worid in exchange for the publications of the Institution, after being 
xecorded are transferred to the National Library, agreeably to the 
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arangements described ia former reports. ' The following is a general 
statement of the number of books, maps, and charts received through 
exchange during 1869 : 
Volumes : 

Octavo 946 

Qaarto 245 

Folio 43 

1,234 

Farts of volumes and iKiiuplileta : 

Octavo 3, 238 

Quarto 709 

Polio 142 

4,089 

Haps and charts 232 

Total : 5, 555 

Of the larger donations received during the year in question are the 
following : 

From Iceland Foundation Library, Beikiavik, 44 volames and 12 
pamphlets. 

Swedish Academy of Sciences, Stockholm, 56 volumes and 5 pam- 
phlete. 

From the Emperor of Austria, S volumes and 9 charts. 

Public Library, Stuttgart, 118 volumes. 

University, Greifswalde, 114 pamphlets, Liaagnral Dissertationa. 

From the Institut de France, 31 volnmes. 

Miuist^re de la Marine et des Colonies, Paris, 6 volumes and 40 pam* 
pblets. 

Commission Imp^riale de I'Exposition Universelle de 18G7, Eapports 
du Jury Intematioual, volumes i-xin. 

Society de Statistique, Paris, 13 volumes and 28 pamphlets. 

Acad^mie de Montpellier, Faculty de M^decine, 22 volumes, Theses. 

From the Society of Engiueers, Loudon, 8 volames, Transactions, 

Bi'ittsh Museum, 9 volumes and 8 pamphlets. 

BoyalArcheeological Institute of GreatBritaiu and Ireland, 20 volumes, 
Journal. 

From the Bombay Government, Id volumes. Selections fh>m the 
Kccords of the Bombay Government. 

National University, Athens, Greece, 37 volumes and 132 pamphlets. 

Legislittivo Assembly of Canada, 17 volumes. 

State of Minnesota, 6 volumes, Plate, Documents. 

C. M. Hovey, editor Boston Magazine of Horticidtnre, Botany, &c, 
35 volnmes. 

The Smithson books have been well cared for by Mr. SpofFord, the 
efficient Librarian of Congress. Several thousand have been bound, 
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and a large nnniber are now tn the hands of the binder, each volnme 
being marked on the back with a stamp indicatiug that it is a Smithson 
deposit 

Id the arraDgoment of the National Library the publications of learned 
societies, of vhich the Smithson books principally consist, form one 
chapter of the general collection, which occupies the greater portion of 
the south wing of the western projection of the Capitol. It is desired 
by the lustitation, ao well as by the Kational Library, that this collec- 
tion should be as complete as possible in the publications of all learned 
societies which have existed from (heir first establishment in Italy, about 
the middle of the sixteenth century, until the present time. Through 
tbe kindness of the older societies of Europe a larger collection of their 
pablications has been made by this lustitation than was ever before 
formed- in this country, or, with few exceptions, in any of tbe cities of 
tbe Old World. Still, there are many series wanting, and several of 
those now in our possession are defective ; exertions will therefore be 
made, through our correspondents, to supply deficiencies. The value of 
tbe sdentiflc collections as well as of the general library will be much 
enhanced by the catalogue of books, ami particularly that of subjects now 
in progress, and which, as we are informed, will be completed daring the 
present year. The third volume of the index of scientific papers, pre- 
pared by the Boyal Society of London, has been printed and will soon 
be distribnted. The completion of this great work will have an import> 
ant influence on the use of the IHational Library, to which it will be 
especially applicable. 

The national library has increased so rapidly during tbe past three years, 
that the three- fold apace allotted to it in the Capitol is now insufflcieut for 
its accommodation. Further room, as we learn, has been asked for, 
and we would suggest that this might be best secared by tbe erection 
of a sepamte bailding, in whose plan of construction should be incor- 
porated all the latest improvements for the use and protection of books. 
But whatever may be done in this way, greater facilities than now 
exist for tbe conHultation of the library should be afforded, by making 
it acoesBtble in the evenings to those who are precluded from the use of 
its collections by their official occupation during the hours at which it 
is now open. 

Gaixeky of Art. — It was stated in the last report that Mr. W. W. 
Corcoran, with an enlightened liberality only commensurate with his 
means, bad resolved to found in Washington an institution exclusively 
devoted to art. This design,which would long since have been carried into 
execution, was interrapted by the war, the building erected for the pur- 
pose haviDgbeenappiiedtotbenseaofthegovemment; but we are gratified 
in being able to state that tbe possession of it has been restored to Mr. 
Corcoran, and that he has placed it in charge of trustees, who are to fill 
vacancies in their board and direct all the aSaiiB »f the mstablishment. 

LV,i_. XTOtHiTc 
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The gallery will probably be open for eshibition to the public and to 
students in art daring the preaent year. The establisbmeot of this col- 
lection,. as we hare said in a previoaa report, will obviate the neces- 
sity of expending any of the funds of the Institution in sapporting a 
national gnllery, and I would aoggest that the same policy which has 
directed the transfer af the library, the herbarium, and osteological 
specimens to the National Library, the Agricultural Department, and 
the Medical Museam, be also extended to the Corcoran Gallery. The 
Institution has a namber of pictures and a large collection of plaster 
busts, which are scarcely iu place in the midsC of specimens of nataral 
history, but which would produce a better effect in connection witb other 
works of art of a similar character. There need be no danger as to 
imporeritihing the Institution by this liberal policy, since it is in reality 
but another method of increasing its usefulness. 

The saving which is made by transferriug the keeping of the library 
and botanical eollections can scarcely be estimated at less than $12,000 
per aimum, a snm which adds to the efflcieoey of the Institution in the 
way of increasing, by the oschauge of it« products, the collecttons of 
objects of nature and art in the national capital, besides adding to the 
intellectual wealth of the whole country. 

MosEUM. — During the past year the space occupied by the museum 
has been enlarged by appropriating to it the portion of the building 
known as the western connecting range, which consists of a room 61 
feet loiig by 3$ feet wide. On either side of this room has been erected 
a TOW of (seren) upright cases, and in the middle a series of tables ex- 
tending the whole length of the apartment. The upright cases on the 
south side have been entirely filled with ethnological specimens from 
Ohina and Japan, comprising the presents from the governments of these 
cooutries to the President of the United States. In the cases on the 
uorth side is arranged a large and ^'al^ftblo collection of the dresses of 
the Indians of the northwest coast and of the Esquimanx of Korth 
America. The table Sases are also filled with ethnological specimens, 
among which are many exhibiting the rarer epecimeua of Indian work- 
mansfatp, and also those of prehistoric times, from the explored caverns 
of France, presented by Professor Lartet. 

Daring the year 1869, 300 packages, containing many new specimens 
and thousands of daplicates, have been received at the Institution, and 
of these, as far as time would permit, a single choice series has been 
selected for the museam ; the remainder are placed aside to be classified 
and made up into labeled sets for distribntion. In pursuing this poUcy, 
to which the Institution is bound by its ofQce of curator of the govern- 
ment collections, it is impossible to restrict the increase of the museum, 
and now, notwithstanding the great number of specimens that have 
been given away, nearly the whole of the available space iu the building 
is filled to overfiowing. An appropriation for finishing the laxge hall iu 
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Uie second story is, therefore, very desirable, but as this room is vanted 
for the accommodation of the iN'atiODal Mnsenm, and not for the uses of 
th« Inatitution, it would be highly improper to finish it by a fiirther en- 
croachment upon the capital of the Smitheon fnud. 

We have mentioned In a preTloua report that the arcbitectnre of the 
large room, in which the specimens are at present eshibited, is not well 
adapted to an advantageons display of many of the articles, since a 
considerable portion of the space is occupied by two rows of colossal 
columns, betwe^i which and the walls the cases, forming alcoves, are 
placed. The ceiling, however, of the hall in the second story is to be 
attached to the long, iron girders which span the space from wall t<r 
wall, and it will not, therefore, reqnire the iutroducdou of coltmins. It 
is hoped that in the finishing of this room the primary object of its use 
will be kept in view, namely, the exhibition of specimens. There is 
pleasure in perfect adaptation as well as in lestbetical effect ; the two, 
however, are not incompatible, and a proper conception of the true 
^lirit of architectnre will never socriBce the former to obtain the latter. 

Since the date of the Inst report the mnsenm has been increased by 
specimens in every branch of natural history and etJinoIogy, especially 
in those of ornithology and the products of the explorations of mounds. 
An nnnsnal amount of labor has also been expended on the specimens 
dnring the same period. The large number of birds in the drawers, as 
well as those on exhibition, have been re-poisoned to prevent the attacic 
of insects, while those in the cases have been furnished with new stands, 
and their plumage brightened by washing them with benzine. The coses 
themselves have been repaired and painted. The mounting of the 
archaeological collections on boards, and the repairing of the articles of 
pottery, have been continued, and are now nearly completed. The speci- 
mens of qaadrupeds belonging to the older collections of the govern- 
ment present rather an unsightly appearance, through injury by insects 
before they were brought from the Patent Office, and because they were 
not well prepared. Many of them, however, are very rare, and should 
be kept until better specimens can be obtained. 

No small amonnt of labor La required, in a large mnsenm, to keep np 
a descriptive catalogue of the various articles it receives, and to this 
work aloue the entire time of a clerk might properly be devoted. The 
whole number of entries in the catalogue of the National Museum is 
now 156,662 ; and of these 16,265 were made during the last year, while 
of the spedmens of the genwal collection of which no types have been 
selected for exhibition many thousands of entries yet remain to be in- 
serted. 

By the co-operation previously alluded to in this report, the Army 
Medical Mnsenm, the Mnsenm of the Agricnltural Department, and the 
National Museum are rendered supplementary to each other, each col- 
Ifioting and preserving articles that are not contained in the others. 
Xhe Commissioner of Agriculture, General Gapron, has ^hown much 
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zeal and good faith ia carrying out the coDditiooB previously mentioned, 
OD which the transfer of the plants was made, by fitting ui> a ajiaclous 
room with cases which contain 600 separate compartments for the recep- 
tion of as many different families of plants, and by appointing a bot- 
anist fully approved by the Institation. Dr. Parry, the botanist in 
question, was a pupil of Br. Torrey, and for the last twenty years has 
been engaged in various government explorations, mostly in the western 
part of the United States. He was warmly recommended by the llrst 
botanists of the country, and, I doubt not, will discharge the duties of 
bis office to the satisfaction of all interested in the advancement of this 
branch of natural history. He has begun to arrange tbe plante in Sys- 
tematic order for immediate reference, and finds tbe number of species 
to be about 15,000, included in 25,000 specimens. The additions that 
have been made to the collection during the past year, embracing those 
which have been supplied by the Institution and the Department itself^ 
according to Dr. Parry number 8,000 specimens, intruding 3,000 species. 
Besides the specimens of dried plants transferred to the- Agricultural 
Department, a large and iuteresting collection of woods, from Mexico 
and South America, has been added to the deposit. 

Leotuees. — Previous to the fire which destroyed the upper portion of 
the main building, in 1865, courses of free lectures were given by the 
Institutiou to the visitors and citizens of Washington. These at first, 
or as long as tbe novelty continued, were well attended, but in time, 
owing, in part, to tbe difficulty of access, in the winter season, to the 
bnilding, and the absorption of the public mind by the events of the 
war, the interest diminished, while the management of the system be- 
came much more difBcnlt, inasmuch as it was impossible to prevent the 
introduction of political subjects. The call, however, on tbe part of the 
citizens for lectures has lately been renewed. But it mnst be evident, . 
on a little refiection and from past experience, that tbe original plan 
cannot again be adopted without great inconvenience and an expense 
not commensurate with the valne of the results produced. In order, 
however, to assist in the establishing in this city, during the present 
winter, of a course of lectures on scientific subjects, and at a low price 
of admission, it has been thought advisable to grant a moderate ap- 
propriation to the Young Men's CtirisUan Association, to enable it to 
secure the services of distinguished popular lecturers. The bnilding 
whicbhas been erected by this society not only serves as an ornament to the 
city, but supplies a want long felt in affording a spacious hall for lec- 
tures, conventions, &c. The lectures to which the Institution con 
tribnted were of a scientific character, requiring expensive illustration, 
and, therefore, though they were well attended, they could not have 
been given at the low price charged for admission, had not aid been 
a£forded. 



Digitized by Google 



SEPORT OF THE 8BCBETABT. 29 

ExPLOBATiOirs ANi) COLLECTIONS IN Natueal Histoet. — In tbis re- 
port, as in other of Uie SmitbaoDiao reports, a distinction is made between 
thecoUectionsof thelnstitation and tbose of tbeNstionnl Maseatn ooder 
itacharge. Tbefonuer consists of the large nnmberof specimens (in some 
instances including hondredaof daplicates of rare as well as of more com- 
mon species) which have been collected under the auspices of the Instita- 
tion or through its special f^noy. These are studied and classified by 
experts for the formation of monographsaod the determination of species 
and their geograpfaieal distribntion; or, as is the case in ethnological speci- 
mens, are compared for the purpose of tracing anthropological peculiari- 
ties ; and, finally, made up into properly labeled sets for distribntion to 
moseams in this coontiy and abroad. The organization of explorations 
aod the collection of specimens would be important parts of the oper- 
ations of the Institution were it entirely disconnected from the If ational 
Hnseum. Natural history and ethnology are interesting branches of 
knowledge, and justly merit a portion of the Smithson patronage; but 
the ^National Museum has no jost claim on the Institntion other than for 
a perfect series of all the daplicates collected; and it is too much to ask, 
in addition to tbis, that the Smithson fttnd should continue to provide 
it with house-room, and, in a large degree, with attendance. The dis- 
tinction we hare made is an obvions one, though it may be difficult, in 
some instances, to draw a Une between the specimens in the museum and 
those of the Smithsonian collections. 

Explorations and collections in Natural History have been con- 
ttDoed, as in previoos years, by the Institntion alone, or in connection * 
with other establishments. In giving an acconntof whathas been done 
under this head, the geographical order adopted in other of the Smith- 
sonian reports will be followed, 

Sbrthweat Coast q^immeu.— Mr. McFarlane and Mr. McDougal still 
ooDtinne to collect specimens of the natural products of the Mackenzie 
Biver district. Mr. Ferdinand Bischoff has kept np his researches in 
Alaska, first at Eodiak, then at Keuai. Mf^or General George H. 
Thomas, of the United States Army, has rendered especial service in 
collecting in the same region specimens of coal and of zoology. The 
remainder of the natural history collections of Mr. Ball, referred to 
in the last report, has been received and found of much interest as an 
Ulnstration of the natural productions of onr new possessions in the 
Northwest. His collections in ethnology will be mentioned fiirther on. 
Captain 0. M- Scammon has continued his explorations, and has pre- 
sented interesting collections from Alaska and Puget Sound, in addition 
to several communications relative to the natural history and habits of 
the seals of the ac^acent coast. Dr. Minor has also continued his valu- 
able contributions from the same region. 

Wettem United States. — The geological survey of the fortieth parallel, 
under Mr. Clarence King, referred to in the last report, has been con- 
^tanned during this year, and the collections made in zoology, botany, 
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miDeralogy, and geology, have been deposited in tbe Institntitm. They 
are iiow in process of examination, and on account of tbem will be given 
in the valuable report of Mr. King, which Congress has ordered to be 
printed. At tbe last session of Oongress an appropriation of $10,000 
was made for the continnance of tbe geological Btureys of Dr. F. Y. 
Haydea. He was instructed by the Department of the Interior, under 
whose direction tbe money was to be expended, to examine especially 
the geology, mineralogy, and agricultural resources of the Territories of 
Colorado and New Mexico. Tbe exploration began at Cheyenne, Wy- 
oming Territory, and was continued through Denver, tbe silver and 
gold mining regions of Georgetown and Central City, tbe Middle Park, 
Colorado City, and Port Union to Santa F6, returning to Denver by way 
of the San Luis Valley and South Park. In the language of the Secre- 
tory of the Interior, "this exploration, thongli brief and rapid, was emi- 
nently successful, and tbe collections in geology, mineralogy, botany, and 
zoology were exteo^ve." These collections have been deposited in tbe 
Institution, from which they will be sent for examination to persons who 
have made special study of tbe branches of natural history and zo&logy 
to which the specimens pertain. 

Mexico and Central Ameriaa, — Tbe explorations of Colonel Grayson, 
iti Northwestern Mexico, spoken of in previous reports, were contumed 
in the early part of the year, and an additional series of specimens 
traosmitted to tbe Instittition. It is, however, with deep regret wo have 
to announce that the labors of this enthusiastic and enterprising nat- 
uralist were suddenly terminated by death, from fever contracted in an 
attempt to explore the Island of Isabella. By his decease the Institu- 
tion has lost a highly-valued correspondent, and tbe cause of science a 
successful cultivator. He devoted many years of his life to the devel- 
opment of the natural history and physical geography of Northwestern 
Mexico and the adjacent islands; and It is mach to be regretted that he 
had not lived to complete the work in which he was so mnch interested. 
The explorations of Professor Samichrast, on the Isthmus of Tehuan- 
tepec, have been nearly completed, and the large number of well-pre- 
served specimens in all brandies of zoology, received at the Institution 
from this region, attest bis continued enthusiasm and persevering indus- 
try. From our veteran correspondent, Dr. 0. Sartorius, of Mirador, 
important collections have been received during the past year. 

South America. — Mr. Hudson, of Buenos Ayres, and Mr. Reeve, of 
Ecuador, have furnisbed a continuation of the results of their orni- 
thological explorations in these localities, while an interesting series of 
the birds of Demerara has been contributed by Colonel Figyeimesy. 

Most of the collaborators just mentioned have ^mished intbrmation 
in regard to the physical geography and the inhabitants of tbe country 
from which the specimens were derived, and in this way the Institution 
has accumulated a large amount of manuscript material relative to the 
natural history, geology, and ethnology of the different put^oi^^North 
America, not generally known. ^ <-'^ 
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EXPLOBATIONB AND COIXEOTIONa IN ETHNOLOGY. — Dariog the past 
year the effort has been cootmued to increase the colleotiops of ethnology 
aud archeology of the North Atuerican contineiit. It has beeo considered 
of special importance to prosecate this subject, since the remains of 
the aoci^it people who have inhabited this continent are every year be- 
coming more rare. The moauds are disappearing in the process of 
agrioultore, in the conatruction of rtulways, or in Uie extension of cities, 
and their interesting contents destroyed or scatter«d beyond the hope of 
futore recovery. A very extensive correspondence on this subject has 
been kept ap during the year with persona in every part of Sorth 
America, soliciting information and specimens, giving directions for 
examining mounds and shell-heaps, and in several oases making a small 
appropriation for defraying the expenses of special investigations. 

27early all the explorers mentioned in previous reports have contri- 
bated valuable material in this line. Daring bis lisit to the Bay of 
Fuody, Professor Baird, of this luatitntion, made extensive explorations 
among the ancient sbell-beaps and gathered some fiusts and specimens 
of much importance in connection with the subject of the American 
Kjodikenmoeddiiig. In these tabors he was assisted by Mr. Q. A. Board- 
man, Professor H. G. Webster, Professor ^Nelson, Mr. EUas Klnny, Mr. 
Gardner, Mr. Hallett, and also by Captain Xreadw^y, of the United 
States revenne service. 

As ethnology is a branch of study which, at this time, is occapying 
popular attention, it may be proper to give a more detailed account 
tlian usual of the additions that have been made in this line daring the 
year which has just closed. This account is compiled ftom the descrip- 
tive inventory made by Dr. Foreman, under the direction of Professor 
Baird, in a record book of the collectiona For convenience of reference 
the geographical division is adopted. 

BritUh America, Arctic Begum. — Mr. Robert McFarlane, stationed at 
Fort Anderson, one of the Hudson Bay Company's posts in the McKen- 
zie River district, with unabated persaverance, has continued mf^ing 
ooUecUons in natur^ history and ethnology, and has presented to the 
iDstitutiou, with a liberality which cannot be too much commended, a 
great number and variety of articles to illustrate the character of the 
people am<Hig whom he has so long resided. Intercourse with traders and 
others has considerably modified their arts of life, and they now pre- 
BtaA an example of a people in a state of transition l^m the stone to 
the iron age. Among the articles from Mr. McFarlane, which illnstTate 
this change, are knives of pieces of iron hoops, spear-heads and fish- 
hooks of the same material; pipe-bowls of copper and of penier, and a 
drilling apparatus, with an ordinary bow and drills tipped with bits of 
steel; boxes, of which the parts are fastened together with wooden 
nailB, iron being too precious to be used for this purpose; other boxes, 
of vhich the parts are joined in the more ancient fashion by stretching 
over them, in a moist condition, a casing of leather. ( 'ni^-ioip 
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The greater part, however, of the articles are of a primitive chanMJter, 
among which, |or oat-door nse, are dog harness, lassos of moose-hide for 
large Buimals, and more slender ones, carrying roanded pieces of hone, 
nat size, to entangle the legs of geese; different models of the eledge 
for hauling wood and provisioQs; a stretcher of deer-skin; bowa, with 
arrows, qulrers, and cases ; a long line of whalebone for fishing ; a net 
of sinew, with bone flsh-hooha, fishing floats, spears, throwing-stickB, 
spear-resU for the deck of the canoe; a whistle or call used in hunting; 
snow-shoes and models of canoes; screens of wood to protect the e;es 
fh>m snow blink, concave on the inner side, with two very narrow slits . 
for looking through. Of the articles relative to indoor occupation are 
deer-skin boots; white and black wolverine gloves; children's garments, 
neatly made, of soft materials ; capuchons, or coverings for the head ; 
toots, with which this and other work is performed, sncfa as awls, drills, 
polishing implements, of either jasper or camelian, frequently of bone; 
a small leather bag of red paint, with pitch or other cementing materiaL 
There are also needles of hone, needle cases of ivory, ponohes ornament- 
ed with beads, for containing sewing fiber. Bunches of this material, 
arranged as if for a chignon, appear to belong to articles used by 
women. A rattle of deer or mask-ox hoo&, nsed in dancing, and hone 
implements for gambling, suggest the character of native amusements. 

From the same district have been received, through the Bev. W. W. 
Kirkby, a leather pouch, filled with quills of the porcupine, which are 
used to ornament moccasins, belts, and fire bags; also a fur coat made 
by the Dog Bib IndifOis. There are not many articles of personal 
decoration, except some labrets, thick buttons of white limestone, asid 
bits of blue glass, cemented together, to be worn in a slit of the comer 
of the moutii after tbe manner of a sleeve button. 

Alaska. — The collections of Mr. W. H. Dall in tbe Alentian Islands, 
at Norton Sound, and in the Ynkon r^on, mentioned in the last report, 
have been received and are found to be very extensive uid interesting. 
Those from (he Aleutian Islands are speoimens of native carving in 
walrus ivory, which exhibit considerable imitative skill in copying the 
forms of objects intcodnced by white traders. Among them are a table 
knife and two spoons, neatly executed. The greater part, however, of 
Mr. Dall's collection are from the various tribes of Esquimanx living on 
the shores of Iforton Sound, more particnlarly tbe articles of clothing 
made of furs and leather, prepared from the skins of the deer and other 
animals. These consist of outer and inner garments, for both sexes, and 
of boote, gloves, and mittens. It would appear from the specimens that 
the skins of the lai^r fishes, and also of tbe seal, are used for articles 
of dress, adapting the material to tbe change required for winter and 
summer. From the region of the Biver Yukon there are snow-shoes, 
moccasins, fur dresses, straw-shoes and hoots, for riding and dancjng, 
all made and nsed by the Mahlemuts. The domestic implements of 
tbe people are exhibited in a aeries of H*oonfl or dippers, mad^of ths 
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bn>a(t horns of the BockyMoantain fiheep, wooden bowls, ladles, platters, 
cops, and trays ; bags and haversacks made of seal or flsb ekin, of all 
sizes, noirersally nsed by tbe Esqninutiix for keepiog provisiona and oliier 
mataials ; also earthen vare lamps, fire bags with flint, steel, and tinder ; 
tobacco poncbee, pipes, and snnff-boxes. Tbe articles made of seal-skin 
on tbe coast are imitated i^trtber up the river in the skins of tbe larger 
fishes, the intercoarse between the localities being dlfficalt since the pass- 
es afe held by a few trading Indians, who act as middle men in exchanging 
commodities and as gnards to prevent access to tbe coast. From tbe 
Fnaleets there are neatly-made housewives of flsh-skin, and from tbe 
Pastolic Esqnimaaz a small workbag woven of grass, ivory needle cases 
ornamented with blue beads, and a store of thread made of filaments of 
dried sinews. The weapons received are inteiesting illnstrations of the 
character and babita of the people. The bows in this collection, nsed 
by tbe Esqaimaox for kiUing targe birds or fish, are of very nn- 
nsoal weight, and many of the arrows employed in shooting 
tiie wild goose are tipped with a blnnt knob. Tbe sharp arrow- 
points are the most beantiftal and delicate of any we hare seen, and are 
of obsidiaD, green jasper, or glass. The seal and fish lines are of the 
long, flexible stems of a fucas which grows in deep water and eqnalsc 
whalebone in tenacity and tonghness. The harpoons for striking seals 
are fiimished with a bom or bone termination, carrying a b^U'bed point, 
the whole being detachable from tbe shaft. From the Ekogmnt th»e- 
are several of these, with others nsed in killing tbe whale; also models^ 
of canoes, oars, &c, Ax>m the Lower Ingaleeks along the Ynkon and<tiue- 
Unaleete on the coast In the way of personal ornament there are a 
quantity of red paint and a yoke, or necklace, oval pieces of wood or 
sume to be inserted in a slit in the lower lip, the nose, or the ear; fin- 
ger-rings, princlpidly of stone, of two kinds, one of which is nsed on, 
moaroing and the other on ordinary occasions. 

Aleutian Iglands,— From the Alentian Islands there are in Mr. Dall's 
collection several hideous masks of gigantic dimensions nsed in tbe 
ceremonies of tbe people. Dr. T. T. Minor, surgeon United. States rev- 
enue steamer Wayanda, Captain Howard, commander, who visited 
Silkai, Kodiak, Unalaska and some points of tbe Aleutian group, has 
fiuiusfaed collections exhibiting the dress, occupations, and habits of the 
Ofdoshes, Nnhegags, and Aleotes. The scarcity of stone implements in 
this collection is worthy of notice, since but two specimene, a pestle and 
axe, are all that were fonnd, and these were regarded as very ancient. 
Among the ^ticles are the following: Heavy corded bows for fishing, 
armed with three prongs; blunt spears, with barbs, and fish spears 
ornamented with feathers ; lines of sea-weed or kelp, with detachable 
apear-heade; throwing-stiekB, to give a longer leverage in projecting, the- 
ipear. There aie also chisels for making apertures in the ice, to which fish 
naort for air; dog sledges, canoes, paddles, reindeer skin overcoats and 
boot* 5 an overall perfectly waterproof, and excee^ugly ^(^f.,fp^^ 
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of tbe inteBtiDes of tbe aeal, the edges being sewed or cemented, and 
the wbole omameoted witii tofts of hair or feathers in brilliant colors. 
Glimpses of in-door arts and employments are obtained from specimens 
of carvings, baskets, voven articles, sewing, paintings, and implements, 
together with tbe ever-present pipe, of which there is one with a deco- 
rated stem, carved by a Colosh. The illostratiooe are further extended 
by wooden trays and dlBhea, ornamented with carved figores of animals ; 
watertight baskets, in which provisions are boUed by dropping red-hot 
stones into the water ; mats of simple checqner pattern ; car^'ed 
handles of the black horn of tbe Bocky Mountain goat, exhibitiDg an 
intricate series of ornaments, and fastened by tbe aid of beat aod pres- 
sure to the broader horn of tbe moose, or of the Bocky Monntaia sheep, 
to form a spoon or a ladle. AmoDg the carvings is a remarkable series 
in walrns ivory of objects in miniutnre, representing table knives, spoons, 
candlesticks, boiling kettles, with covers, copied from objects iotroduced 
by foreigners; also the animals of the conntry, such as beaver, moose, 
whales, seals; a female otter followed by her young; likewise a man 
spearing a bear; a group of men attacking a reindeer, and several other 
human figures. These miniature specimens of carvings, which are exe- 
cuted with great neatness and fidelity, evince a minute observation of 
nature, as well as considerable skill in art-. A Golosh painter's kit 
belonging to this coUection, contains a number of brushes very neatly 
made and of sizes suitable for fine or coarse work. Although tbe assort- 
ment of colors is small, being limited to red, blue, yellow, and black, yet 
the whole collection of specimens relative to art shows an advance in 
thisline beyond anything befbre observed in the northern races. Among 
other articles is the dance rattle, commonly used by the coast tribes, and 
consisting of a hollow, oval, wooden bos, usually in the form of a bird, 
gaily painted, containing pebbles; also head ornaments, of grotesque 
form; head dresses, with wooden masks, having distorted features; like- 
wise ornaments of stone finely executed, aod representing birds, fish, and 
serpents in the form of a ring ; besides numerous samples of the same in 
wood and bone. 

From Lieutenant T. M. Ring, United States Army, stationed at Fort 
Wrangel, in Alaska, we have received an important coUection of ob- 
jects, among which are models of the bardoghi, or canoe, with paddles, 
of very neat workmanship ; the head of a fish speari and several bul- 
lets made of copper; two fish-hooks of a metal resembling silver, 
and halibut hooks of wood ; also two specimens illustrating the form in 
which provisions aie preserved for winter use, one of which is a spheri- 
«al ball of tbe fruit of Rui»a ckamamonu, and the other is the coio- 
pressed inner bark of a coniferous tree, which may serve to allay hiut- 
ger by distending the stomach. A stone hammer and two i>estles are 
samples of articles still in use, and an ancient barbed and notched bone 
fish spear exhibits the forms of similar implemeuta discovered in the 
prehistoric caves of Europe. A fall series of carved wooden dishes 



REPORT OP THE 8ECRETAET. 36 

and of horn spoons illnstrate tbe table service of the natives, while 
masks, rattles of wood and of basket-work, neck and lip ornaments of 
stone, a dressed doll with a head carved in stone, a hnman image, and a 
bird of tbe same material, exhibit some of the occnpations and amnse- 
ments of this primitive people. Prom Mr. B. B. Smith, of the scientiKc 
corps of the Western Union Telegraph Company, the Institation has 
remved a bow and arrows of the Smagamat Indians, for shooting wild 
geeae^ and from Dr. A. H. Hoff, United States Army, a very fine sample 
of the membianooB waterproof dresses need by the Alaskans, also a 
pair of carved chop-sticks of whalebone. The latter articles were received 
tbrongh the officers of the Army Medical Mnsenm. 

WaskingUm Territory. — From this quarter we have obtained collections 
made by Dr. J. T.Ohiselin, United States Army, stationed in Washing- 
ton Territory, consisting of bow, quiver and arrows in nse among the 
Flathead Indians; also, a nnmber of arrow -beads and a pair of mocca- 
nns, collected among the Cascade Indians; we have also a riding whip, 
wedding hat or bonnet, a berry basket, and specimens of food preserved 
for winter, consisting of the eggs of the stdnion, of the size and consist- 
ence of dried peas. Dr. Whitehead, United States Army, also trans- 
mits from the same region some bones e^hnmed from a shell mound, 
and a metal spoon from tm Indian grave. 

Idaho Territory. — From among the Nez Perc^ Dr. B. Storror, United 
States Army, has collected specimens of preserved food, consisting 
of tbe bnlbs of the camas, Scilla esculente, and the konse bread, an 
nnleavened mass, an inch thick, of tbe seeds of wild rice, Zezania aqua- 
tica, ponnded op with water, and baked. Accompanying these are spear- 
heads of flint and iron, strong hair rope or lariat, a woman's saddle, 
blanket, panniers, a drum, a carved pipe stick, and a handsome pipe of 
red stone, a akall cap of woven grass, a comb, sewing awl, thread, an 
ornamented belt worn by a woman, and a model of a cradle, affording 
glimpses of domestic life. Dr. O. Wagner, United States Army, has for- 
warded a bow, quiver, arrows, and arrow-heads, obtained from the Snake 
Indians; and Hospital Steward B. Lyons, a basket, woven scoop, and 
bow and arrow from the same tribe. From Montana, Dr. B. B. Hitz 
has transmitted a stone pestle. 

Utah Territory. — Dr. H. B. Waters, United States Army, stationed at 
Fort Bridger, in Wyoming Territory, has collected and forwarded some of 
tbe implements of war and the chase used by the Shoshone, Bannock, 
Ute, and Navajo Indians, consisting of a bow and arrows, a bow case, 
quiver, tomahawk, and war clab. The arrows of tbe ^Nav^'os are said 
to be poisoned. From Dr. Meacham, United States Army, have been 
received fragments of pottery found in the same Territory. 

Oregon Territory. — Dr. C. Moffitt, United States Army, has presented 
a small but interesting colleobon from Oregon, near the vicinity «f 
Iblliear Biver and tbe Stein Mountain. In it we find the bow, quiver, 
Md mows of the Malheur Biver Indifms, a drinking cnp, fire stick, paiaf 
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ba^, carved woodeu comb, and beads; a&o a specimen of preserved food, 
consisting of camas root, dried and compressed into a thin cake. 
Tliese Indians are somewhat away from the beat«n ronte, and everything 
from them la of much interest. 

California. — From moonds in Alameda County, California, examined 
by Dr. L. O. Yates, who has frequently contributed articles of intereet 
fix>m that State, we have received many specimens of the ancient stone 
age, consisting of stone pestles, perforators or awls, sinkers, a phallus, 
spindles, a soapstone ladle, stone mortar and pestle, pipe bowls, shell 
and perforated stone ornaments, an ancient awl and serrated implements 
of bone. The race of Indians at present occupying the country are said 
to be entirely ignorant of the art of making these objects and of their 
use. From the Pott River Indians, California, Dr. Powell, ITnited 
States Army, has sent a bow, qaiver and arrows ; and &om the Pah Utes 
of Owen's Valley, OaUfomia, we have similar weapons from Dr. Th. 
McMillan, United States Army, who has likewise contributed a war club 
of the Mohaves. 

Nevada. — Clarence King, esq., director of the ITnited States geological 
sorvey in Nevada, presented a p<n*tioD of a beaotifuUy worked pestle of 
syenite, obtained in Lower California. 

Dakota. — ^The post surgeons stationed at tbe military posts on the 
Upper Missonri, chiefiy within the Territory of Dakota, have shown 
mncb zeal in collecting objects to illustrate the pursuits and customs of 
the nnmeroos tribes occupying the country bordering on this river. 
First among these, in point of interest, are the collections of Surgeon 
O. C. Qray and Dr. Matthews, United States Army, stationed for some 
time at Fort Berthold. From the Mandans they have fnmished a head 
dress mounted with buffalo horns, with an ornamental pendant of dressed 
bnfiyo hide falling behind the head ; a war shield of the Gros Ventres, 
with bow, case, quiver and arrows, in the highest style of Indian orna- 
mentation ; a bow of the Arickarees, ingeniously fashioned of an elk 
horn ; a stone hatchet from Uie same, together with the scalp taken &om 
a Blackfoot Indian ; also from the Yanktonnais Sioux, a hoe, made of the 
shoulder blade of an elk, accompanied by a wooden saddle and append- 
ages, a pad saddle, a whip with a horn handle, parfleche meat cose, 
sheath for a scalp knife, and a rake of wooden material. The Mandans 
and the Berthold Indians generally, are addicted to gambling, and 
accordingly in the collection there are dice, and a small basket to contain 
them ; tdso tbe gambling implements in use among the women ; and, 
finally, a wheel or roulette, the workmanship of Oros Ventres. There are 
also domestic implements of the same tribe, consisting of a basket 
for carrying provisions, a wooden desk, an earthen pot, implemeats of 
bone for scraping skins, with horn spoons and ladles; several medicine 
rattles, indicating the superstitions of the tribe, and a musical iustni- 
meat of their invention, illustrating the innate tendency to cultivate 
the fine arts ; while cbikben's toys, inelnding a popgno, not unlike those 
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ID mie among the whites, show the unity of intellect among races the 
most widely separated. A needle caae, porcupine qoilla, and bead orna- 
ments, together with a com bag, illnstratiug female occapation, are 
Irom Hospital Steward J. E. Jones. From the same Territory, Dr. J. 
P. Kimball, United States Army, has coatribated a large namber of 
objects, SHCh as the bow, quiver and arrows of the AssioiboiDes ; 
also of the Sioux, Mandana, and Arickarees; scalpbDife, sheath, 
and scalp, of Yankton ; war club, bonnet, shirt, and leggings, drum, 
and other fighting equipments ; a fleshing knife for dressing skins, a 
pemmican mallet, wooden cups, dishes, ladles, spoons, pipe and stems, 
a peace pipe of the Blackfoot Indians, two pairs of omameDtal mocca- 
sins, and an ornamented dance rattle. From Fort Wadsworth, Dr. A. 
J. Comfort, United States Army, has sent a bow, case, quiver and ar- 
rows; a collar made of bears' claws; an ornamented sheath for knife; 
stone hammer; stone spear and arrow-heads; several riding whips; 
the instmments used in games of ball ; a perforated horn implement 
from a mound ; two red stone pipes with carved stems ; three ornamented 
pouches of beaver and other skins; a stone palm thimble for sewing 
with a large needle ; a worked qnilt, '» bunch of perfumed dried grass, 
scalp feathers, and a gonrd dance rattle, which closes the list. From 
the Upper Sioux, Dr. James F. Boughter, at Fort Dakota, has obtained 
for the Institution h'om the Sioux a bow, with case and arrows, leggings, 
embroidered with beads; saddle cloths handsomely ornamented, riding 
whips, war feathers, knife sheath, moccadns, ear rings. Sac, the trap- 
pings of the warrior. Dr. A. B. Campbell, United States Army, contri- 
butes from the Yanktons a handsome necklace of the claws of the grizzly 
bear; a smoking pipe; war club armed with knives; stone war mace; 
stone hammer or mallet; a mortar and pestle, the former made of a stout 
piece of buffalo hide gaUiered at the comers; with the usual bow and 
arrows of this tribe, and three arrows of the Kaw Indians. From the 
vicinity of Fort Bandall, Dr. G. P. Hardenburgh has obtained for ns 
another bead dress of buffalo skin with the hair on, and surmounted by 
Ute horns, with a broad pendant of skin ftured and feathered to hang 
down the neck ; also a rubbing stone for dressing skins, and a horn 
spoon. 

Dr. Gardner, United States Army, has forwarded &om the same Terri- 
tory a Chippewa bow, quiver and arrows, saddle, dram and sticks, a 
Sissiton pipe stick, medicine bag, bow, and a heavy scraper of bone, used 
in dressing skins. Dr. W. H. Forwood, United States Army, has contri- 
buted a bow, bow case, quiver and arrows of the Oheyennes, also arrows 
from the Sioux ; Dr. H. G. Schell, United States Army, from near Fort 
Laramie, has sent a collection consisting of the bow, bow case, quiver 
and arrows of the Ogalalla band of Sioux ; Dr. 0. S. De Qraw, United 
States Army, a bow and quiver of the Eiowas ; Dr. A, Muller, United 
States Army, a hickory war bow of the Yanktons and Sissitons. From 
'Ote same tribes a battle ax and pouch has been presented by F, B. 
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McGuire. Brevet Brigadier General Graue has contributed a pair ot 
raoctMisiiia and a pipe of the chief Little Bear; Dr. A. MuUer sends frotn 
Fori; Bidgely arrowa used by tbe Yaoktont), SlsBitoDS, and Upper and 
Lower Sioux. Mr. W. L. Toole, Ironi the same Territory, baa faruisbed 
a handsome red stone pipe, stone ax, chisel, and a stone war club or 
caesetSte. 

Upper Miasowri BAver. — From this region, Captain Little, United Stat«s 
Army, has coutnbated a slab of sandstone, npon which the impression of 
t vo human feet are rudely carved. Mr. Leopofd Biddle, a stone chisel ; 
and Dr. F. V. HaydcQ, a very perfectly preserved soapstoue vessel, frag- 
ments of pottery, arrow-heads, and other objects £rom the site of an an- 
cient Pawnee village. 

Xehraska. — From Nebraska, Dr. 9. M. Horton, United Stat«s Army, has 
fomisbed several important and interesting articles from the Ogalalla 
band of the Sioux. Among these are a buflalo robe, as prepared by tbe 
Cheyennes; a saddle from the Grow Indians; a Sious war club; a 
pooch, knife and sheatb, and a banch of feathers, used in taking 
scalps ; Bpecimeus of arrows of the Crows, Sioux, Cheyennes, and other 
tribes; several pairs of moccasins, and a skin prepared for making 
others; a gun case of Sioux construction ; aridingwbip; alariat; pro- 
vision case of tanned buffalo hide ; tanned skins of the Bocky Mountain 
sbeep and of the elk, and smaller articles consisting of several stone pipes 
ftom the Arapaboes, a pmnt bag and a comb, used by the Crow In- 
dians, the latter made of the stiff appendages on the tail of a porcupine. 

Kansas. — From the vicinity of Walnnt Creek in this State, we have 
received through Dr. G. M. Sternberg, United States Army, the burial 
case and its appendages of a male Cheyenne child about three years of 
age. The wrappings enveloping the body, and the articles of dress, or- 
nament, or daily use which accompanied it, form the most carious and 
interesting assemblage of objects of the kind we have ever received. 
The burial case is made of long flexible withes of willow, stripped of the 
bark, and lashed together somewhat in basket fashion, built np from an 
oval base, Ave feet in the longer and three feet in tbe shorter diameter, 
the sides and top being arched and rounded, rising about three and a 
half feet from the base. An opening on one side is left for the intro- 
duction of the corpse and a large number of articles of the greatest 
value to the Indians. These articles consisted of seven higlily-finished 
and valuable buffalo robes ; six blankets, white, red and blue ; a hood, 
ornamented with beads ; a cape ; several worsted scarfs ; belts, orna- 
mented with beads and metal disks ; a leather belt, covered with metal 
buttons; apparently all the child's wardrobe, as jackets, underclothes, 
stockings, moccasins, fur cap, leather gloves; together with a small tin 
dish, beads, metal plates, ornaments of German silver, and others made of 
tbe shells of the baliotis, which is not found nearer than the Pacific coast 
There were also several articles which can scarcely be recognized as tbe 
property of so young a child, such as spar straps, tobacc0|popf^^ hide 
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lariats, paiot bags, and an oblong piece of stoat biUl hide. It is the 
opinion of Dr. Sternberg, that this sepulchral offering of valnabie effects 
was not solely from the Immediate relatives of the deceased, bat that 
bung the lineal descendant of a great chief, and heir to his rank in the 
tribe, many families or bauds being present at thu burial, contributed of 
their wealth to signalize their conuection with the child's family, and the 
widespread sorrow at the loss they all had sustained. A fall accoont 
of this interesting collection, with drawings of the articles, has been 
preimred for publication' by Dr. Otis, of the Medical Maseam, in the In- 
Btitution Contributions to Knowledge. 

From Fort Harker, Kansas, Dr. E. B. Foyer, United States Army, has 
presented a number of the arrows used by the Kaws, Apaches, Chey- 
ennes and Eliowaa, which are commonly pointed with iron, and have the 
feathered end painted with the adopted colors of the band or tribe, so 
that they can at once be recognized by Indian scrutiny. 

Colorado Territory and Adjoining Regions. — The collection of ethnology 
has also been enriched, through the Army Medical Museum, by speci- 
mens &om the tribes which occupy the plain on both sides of the Rocky 
Moantatns in Colorado, Kew Mexico, and Arizona. Dr. B. A. Cami>- 
beO, United States Army, from the first-named Territory, has sent a 
singular neck ornament, made of turtle shell, and two fine pouches of 
mink skin for holding tobacco. From the Eiowas, Dr. W. H. Forwood, 
United States Army, has presented a whip, a pipe, and a medicine rattle; 
Dr. F. O. A. Bradfoi-d a tobacco poncb, an earthen water vessel, a Na- 
v^o necklace, a pair of Cheyenne moccasins, claws of the grizzly bear, 
and a pair of Sioux moccasins. Dr. Lippincott, United States Army, 
from the Comanches has presented a whip, and Dr. J. Beadles the hat 
of a medicine man, and a wooden spur. From Twin Springs, near Fort 
Fetterman, Dr. C. Sutherland, United States Army, has contributed 
two fine stone lance-heads, and Dr. H. S. Schell six Sionx arrows. Dr. 
P. Moffatt has presented a bow, neatly made and covered on the con- 
vex side with the skin of a rattlesnake ingeniously cemented to the 
wood. From Mr. James Stevenson, of Dr. Iliiyden's corps, we have a 
very fine Arapfdio saddle, padded and ornamented with beads. To 
these may bo added several arrows of the Apaches and Comanches, 
presented by F. B. McGuire, esq., of Washington City. 

In yew Mexico, the Kav^os are the most troablesome Indians that re- 
sde within the present boundary of the United States, and in the nu- 
merous conflicts between them and our military forces many interesting 
oljectB have been captnred. Dr. John Brooke, United States Army, has 
procured for us, from Fort Snmner, Navtyo bows and arrows, a bridle bit, 
and a pair of moccasins; Dr. B. A. Clements, United States Army, a 
lot of arrows ; Dr. J. T. Weed a saddle blanket, shield, two bows, bow- 
CBse, quiver and arrows, a belt, and a curiously made shield for the 
Inek ; Dr. McKee, United States Army, a bow case, quiver and arrows, 
snoi^ Btooa implement fbr dresaiog skins, and an earthenware dish. 
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Mr. M. Kuyser, of Santa F4, has contriboted liom the aame tribe a 
blanket made of the wool of the native sheep. From the Wachita bat- 
tle ground, m the Indian Territory, Dr. Lippincott, United States Army, 
has obtained for us a lot of bows, cases, qairera, iron arrow-heads, 
tuetol tubes for uose ornaments, and finger rings of German silver. 
These alt belonged to the tribes engaged in the conflict, namely, the Co- 
mancbes, Arapahoes, Wacbitas, and Klowas. 

Frovi Arizotta, the principal contribations in former years were by 
Dr. E, Palmer, acting as medical officer at the Indian agency. The ar- 
ticles presented last year, by the same explorer, were such as relate 
mostly to the domestic occupations of the Apaches — a pouch with bul- 
lets, bone for dressing skins, awls for sewing, resin for flniahiug bows 
and arrows, paint bag, with blaclc and ted pigments, the former 
color being derived from the inspissated juice of the mescal plant, 
and curious necklace, woven of strips of the inuei b^k, complete 
the collection. From Dr. John 0. McFerran, United States Army, have 
been received a battle-ax; and from Dr. E. Goues several Apache ar- 
row-heads. From the western part of the Territory Mr. Manning F. Force 
has sent a (syenite or porphyry) stone axe of symmetrical shape and 
beautifully polished. Mr. Henry 0. Force, from the Gila Eiver, has 
presented fragments of pottery and shell ornaments, uid, from the Mo- 
qui Indians, a small, red, earthenware vase. Mr. H. C. Femald has 
given a small stone axe, obtained near the same locality. 

I^om Wisconsin, Dr. E. P. Hoy, of Baeine, well known for his re- 
Boarcbes in aboriginal ethnology, has presented an ancient earthenware 
vase, nearly entire, having a conical or sugar-loaf bottom, with frag- 
ments of another vessel. Dr. Moses Barratt, of Waukesha, has sent 
numerous stone relics, axes, chisels, arrow-heads, and a stone disk ; also 
an arrow straight«ner, consisting of two flat pieces of sandstone with 
semi-cylindrical grooves, through which the shaft is drawn when the 
stones are fitted together. He has also sent fragments, apparently of 
brick, which formed part of a wall so ancient as to be attributed to 
Aztec workmanship. 

In Illinois, the Chic{^:o Academy of Sciences, energetically engaged 
in promoting research in aboriginal remains, has had mode electrotype 
copies of ft fine specimen of copper knife, one of which has been pre- 
sented, through Mr. H. Shimer, to this Institution ; also a similar cast of 
a copper chisel, and a cast in plaster of a remarkable terra-cotta image. 
From Mount Garmel, Illinois, Mr. Robert Bidgway has presented two 
:finest«neaxes, several spear and arrow heads; and from the same place 
Mr. Gramille Turner has sent a hoe of jaejier, threespear-headsof chert-, 
And a lot of arrow-heads ; also from the same State, Dr. Hall has pre- 
sented a stone axe, a chisel, and a number of arrow-heads; and J. E. 
Keudrick, of Des Moines, has contributed a series of specimens of 
(pottery. 
From Indiana, Dr. E. M. White, United States Army, l^as^^^ 
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a omionB earthoivare pipe and a dress oraanient ; Drs. McCoy and 
Maxwell, for themselves aiid friends, a collection of stone hatcbets, 
spear-heads, and other Btotie relics. The most remarkable objects, how- 
ever, from this State are from near Cannelton, and consist of two stone 
mace-beads or ca»»e-t£tes, of hard ferruginons qnartz, perforated through 
their longer axes, polished and finished in a' perfect manner. They were 
presented by Mr. Hamilton Smith, with other stone relics. From Frank- 
lin County, Indiana, Dr. B. Haywood and his friends and neighbors have 
&vored the Institation with a considerable collection of stone imple- 
ments, many of fine workmanship, among which may be enumerated 
stone pestles, axes, chisels, spears, and arrow-heads, stone omameotB, 
and pottery. 

From Ohio, Mr. W. R. Limpert has contributed a collection, found at 
Graveport,of well-finishedarticles; consisting ofavariety of stone pestles, 
a mortar for grinding paint, a unmber of stone knives or chisels, and axes, 
a perforated stone disk, over one hundred arrow-heads, a stone awl, and 
other miscellaneous objects in stone. From Rev. Dr. Thompson, at 
Hilnersville, Ohio, we have received arrow-heads collected in his vicinity. 

From Kentucky, Mr. 8. 8. Lyon, whose archaeological researches in 
1S68 were of sDch interest in the mounds of IJnionCounty, has forwarded 
additional articles, consisting of shell disks ornamented by carvings, a 
fishing sinker of the same material, perforators of stone, and small 
masses of galena worked into a rounded bead-like form. 

From Tennessee, Mr. S. K Wilkinson, near Clarksville, has sent five 
spear-points, a large nomber of arrow-heads, a stone disk, and a mortar 
for grinding paint. Dr. Gortis has also favored as with a lot of arrow- 
heads from Enox Goanty. We have likewise to record the liberal 
donation, by Mr. J. H. Deverenx, of a very valuable series of stone im- 
plements and other objects, collected by himself, chiefly in Tennessee, 
thongh some of the articles were obtained in other Soutliem States, as 
well as a few from Ohio and Massachusetts. The perfect condition and 
fine finish of these articles are remarkable, and they are so numerous as 
to fill a separate case. They consist of every variety of form of axes, 
chiselfi, gongea, knives, spear and arrow-heads, pipes, ornaments for the 
perww, of stone and of pottwy articles, many of which are entirely 
nrnqne. 

From Arkatuas, Mrs. Qovemor Throckmorton, of Little Bock, hag 
presented a peetle, grinding stone, and two paint mortars; and from the 
same State, Mr. J. M. Stanley has sent a quantity of quills of the porco- 
lone, coloi-ed for use by the Indians in their embroidery. 

In Mis»ia»%ppi, Mr. T. J. R. Eeenan, of Brookbaven, has shown ze^ 
in examining the natural and ethnological curiosities of bis vicinity, and 
has presented to as a large number of handsome arrow-heads of brown 
)uper, a curious t^linder of the same mineral, a stone disk, and a pair 
oteax pendants made of silver coins by an IncUan boy. 

In XenirioM, opposite Yicksburg, Dr. E. Swift, United Slotra Amy, 
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has examined tlie coatenta of several monnds aod Indiaa giUTes, from 
whicli he obtained for ua many interesting articles, the principal of which 
Bxe earthenware vases in good preservation and of canons forms, ap- 
proaching that of the vessels common among the tril>es of Chili and Peru, 
evidently for holding water, most of them having very narrow openings, 
and being sphericil in shape ; also, stone hammers, chisels, pestles, 
carved pipes of sandstone, a disk of quartz, howls and cups of earthen- 
ware, &C. 

in Texas, Dr. D. H. McElderry, stationed at Fort OrifQu, has assid- 
QOQsly collected from the tribes near his post many objects of interest; 
among which we may enumerate three Comanche war shields painted 
and ornamented, bows, bow case, arrows, quiver, scalp knife, and sheath, 
war dmm,tomahawk, and riding whip, all of which belong to a warrior's 
equipment. The other articles are implements for dressing skins; 
tinder bag ; dance ornaments ; two bead dresses, one made of Comanche 
hair and the other of a bear's ear; a girdle and ponch made of a Coman- 
che's skin ; a square girdle and arm and head ornaments, some of silver 
plates, with toy bows and arrows, and two rag dolls decorated with 
Comanche hair. Dr. J. Middleton, of Camp Verde, has presented a 
saddle obtained from the Eickapoos, and Mr. George Eeau, some bouy 
plates of the Jjepidosteus, or great western gar, having been used by the 
soatfaem and western Indians as arrow-heads; a fact in accordance with 
a statement of William Bartram in his travels in Florida during the last 
century. 

In Florida, explorations have recently been made in the shell heaps 
sear Tampa Bay by Dr. William Stimpson and Mr. E. C. Steams. From - 
the former we have received a curious shell implement formed of the 
columella of the great Famiolaria gigantea, the use of which is unknowu. 
From Mr. Steams, a large soapstone vessel, a stone sinker, a spear-head - 
and fragments of lottery. Mr. H. Clark, of the same place, has pre- 
sented several hammers, a fishing sinker, a number of arrow-heads, and 
an earthenware vase. 

From Alaiama, we have received specimens of arrow-heads, princi- 
pally of jasper or agate, and of good finish, presented by Mr. Isaac Slee, 
of Baldwin County, and specimens of the same kind from Mr. Henry C. 
Force, collected in Kortberu Alabama, and also specimens of pottery and 
arrow-heads presented by Dr. Eej-nolda, United States Army. 

From Georgia, at St. Simon's Island, a favorite station of the South- 
em tribes, Dr. C. H. Taylor, United States Army, has forwarded a num- 
ber of stone axes and arrow-heads, and also pottery from Brunswick 
County. 

From Virginia, Fayette County, Mr. A. G. Grinnan has presented 
a collection of stone axes, hammers, chisels, and a finely formed 
fishing sinker made of hematite, of which wo have several specimens 
from localities widely separated, the weight of the material being its 
great recommendation for this service. Mr. E. C. Meade, of Albemarle 
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County, has giveu au Indiau hatchet and a lot of arrow-heads. M^or 
H. C. Williams has preseoted anx)w-head8 from Fairiax County ; Mr. 
Robert Burford, arrow-heads from Isle of Wight County ; and from Mr. 
C. K. Moore we have received a fine lance-h^, a pipe, pipe-stem, aud 
arrow-heads, found on the east shore of Virginia. 

Friftii North Carolina, Bev. M. A. Curtis, of Edgecombe County, 
has presented two stone axes, a collection of arrow-heads, aud specimens 
of potteiy. 

Mstrict of Columbia. — From Mrs. M. H, Schoolcraft, of the District 
of Columbia, to whose liberality we were previouely indebted for large 
cullectious, we have received additional specimeus of stone hammers, a 
stoue disk, and other implements. From the Agricultural Department 
we have received a very perfectly finished war mace with handle, its 
locality being uuknowo. Contribatious of specimeus from the Dis- 
trict of Columbia, were made this year by Joseph Saxton, esq., of 
the Cnited States Coast Survey. They include very nnmerous examples 
of all the usual stone implements, such as axes, chisels, hatchets, gouges, 
, spear-he&ds of very great size, tomahawks, several pert<>rated stone im- 
plements, disks, a vessel carved oat of soapstone, aud a great num- 
ber of arrow-heads collected on both sides of the Potomac River, aud 
of every variety of material accessible to the Indians, mostly of quartz 
and qaartzite, slate, jasper, &c., with a large quantity of pottery Arag- 
meuts. 

From Maryland, Mr. F. B. McGuire, of Howard County, has pre- 
euted numerous arrow-heads ; a lot of the same collected at West 
Biver has been given by Mr. W. Q. Force. Dr. C. Sutherland, United 
States Army, has presented a stone battle ax aud arrow-heads from 
near Annapolis, and Mr. John Camerou, of Prince Georges County, has 
given us a collection of over a hundred arrow-heads, neatly arranged 
for exhibition. From Charles County, we have received from Mr. 
O. y. Bryau, au iudastrious collector, mauy objects of this class, snch as 
stone knives, chisels, spear-points, pestles, hatchets, awls, and a variety 
of Indian pottery. From the same vicinity, Mr. James Slagle has pre- 
sented arrow-heads aud a quantity of fragments of pottery. 

Penngylvania. — Mr. J. H. Mcllvaine, au ardent inquirer into the man- 
ners and customs of the aborigines, has presented a line stoue ax aud 
a stone tomahawk from Northumberland County, a flanged stoue ring 
or wheel ; a stone wrought into the form' of a bird; a slate chopping- 
knife and a breastplate of shells and beads, with specimens of pottery. 
From B. Smith, Upper Darby, we ack:iawledge the receipt of a stone 
ax and some arrow-heads ; from R. Christ, at S^azareth, PennBylvauia, 
two stone chisels and an ax ; from Harry Hoover, a flint knife and 
arrow-heads, collected in Clearfield County ; and from Dr. E. Michener 
a soapstone dish, a hoe, a namber of axes, chisels, pestles, a lot of ar- 
row-beads, a tomahawk, and a polished ornament for the neck. 

From Hew Jersey, at Shrewsbury, Mr. Samuel Wilson ha^ sent as a 
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Bomber of stone axes, chisels, and arrow-beads, a stone tomahawk, paint 
mortar, and pipe. From Tuckerton, Mrs. Lewis BIa«kman has presented 
a stone hoe, a sinker, nameroos arrow-beads, and other stone imple- 
ments. To Isaac Lea, LL. D., of PhUadelphia, we are indebted for a 
very fine stone ax found in liTew Jersey. 

JVom New Torky Messrs. 9. P. Formim and B. Howell, near Kich- 
oIb, have contributed ethnolof^cal articles, consisting of stone flesh- 
ing chisels, arrow-beads, and flint knives ; and also, from Mr. Merritt, 
near Fanningdale, we have a number of arrow-heads. From Western 
!New York, Dr. F. B. Hough, a diligent cooperator and accnrato observer, 
who long since began to make contributions to the Institution, has for- 
wardedfromhisextensivecollectionsanumberof interestingobjecta. We 
may mention a bowl, or deep dish, carved in Boapstone ; a stone mortar, 
a number of pipe-bowls, pipes, &c, with cMsels, spear-heads, gouges, 
and an Indian cradle profosely ornamented. 

-FVom JTew Eitgland, Mr. S. A- Ladd, from the vicinity of Mere- 
dith Village, !N'ew Hampshire, has contributed a considerable variety ol 
stone implements, including two of those remarkable chisels, or gouges, - 
having a carved catting edge ; also straight chisels, spear-heads, pestles, 
fishing sinkers, perforated stone ornaments, and arrow-heads. From 
Vermont, sent by Messrs. J. M. Currier, W. G. ilorris, and B. Wheeler, 
we have received a spear-head of native copper, of good workmanship, 
bnt much corroded. The metal of this may have been obtained in bartei 
from the Indians of Lake Snperior, or from others living in Kova Scotia, 
where the native metal exists. It was aceomx>anied by a stone hoe, a 
flat, triangnlar implement with acutting edge, of which examples are some- 
what rare, stone pestles, and lance-heads. Mr. Fearing Burr has presented 
a cast in plaster of the most perfectly shaped pestle yet obtained, which, 
St the end grasped by the baud, is worked to a sharp edge or comb, 
pointed at one side. It was exhumed from an ancient Indian cemetery 
near Hingham. Very large collections of atone implements have been 
received itom Dr. W. Wood, of Eaat Windsor Hill, Connecticut, who 
has devoted much time and exhibited great zeal in this branch of 
research as well as in others connected with natural history. A Uberal 
' donation is recorded from him of axes, hammers, chisels, spearheads, 
knives, gonges, pestles, perforated stones and hoes, and fixim these and 
other parcels received from him, it may be jnstly inferred that his vicinity 
was densely popolated in former times by the savages who wrought 
these articles. 

Canada, Nao Brunswtekj Ac. — Mnch attention has been excited in the 
Dominion of Canada upon the snbject of aboriginal remains, chiefly 
through the exertions of Principal Dawson, of McGill University, Mon- 
toeal, from whom a valuable series of Indian pottery, pipes of stone mid 
eitfthenware, perforated stone implements, &o., has been received. 
Frofbssor L. W. Bailey, of liTew Brunswick, also has presented several 
stone a»a, strings of wampnm, spear-points, and anow-heads, which 
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-were collected in his viciDity. From a long-esteemed correspoodent of 
the Institution, Mr. W. E. Guest, formerly of Ogdensbarg, New York, 
now of Canada, have been received a nnmber of cnriously-worlied bone 
implements, chiefly awls or perforators, employed anciently in sewing 
leather gumeats and moccnsins. An unknown donor hna sent ns a fine 
sample of the heavy stone maals used by the mound builders or their 
predeceasora, in mining the native metallic copper from the Lake Supe- 
rior region, where the vast deposits of this metal were resorted to for the 
materials oat of which to make spears, tomahawks, fish-hooks, siiUiers, 
and personal ornaments. 

if>u^i».— From other districte uot included within the United States, the 
Instltntion has received important contributions in ethnology. Dr. Sar- 
torins, from near Mirador, in Mexico, has sent specimens of the stone im< 
plemeote and ornaments formerly in ose among the aboriginal races of 
that country. Some of these, namely, the perforated ornaments, beads, 
knives, and chisels, are prepared from a variety of jade — a fa£u^ green 
mineral, held sacred by the uatlves — and others, such as knives, flakes and 
arrow-points, are of obsidian, a material from which long-bladed portions 
can be flaked off by a slight pressure on the sides of the core. The tra- 
ditional knife for the rite of circumciBion among the Jews was of stone, 
and the saggestion has been made by Dr. Foreman that the cnstom 
originated with a people living in Asia Minor or Arabia during the stone 
age. This collection also contains earthenware images, sancers, incen- 
sories, bowls, cnps, candlesticks with and without handles, together with 
domestic utensils made of dried gourds, which are sometimes converted 
into children's rattles. All these are of modem workmanship and now 
in use among the people of the country. From Dr. Snmichrast, also of 
Mexico, we have received a perforated stone tnbe — probably part of a 
pipe. 

Porto Eieo, Weat Indiea. — From Porto Rico, George Latimer, esq., 
vho has long been a v^y liberal contributor to the collections of the 
Institution, has sent three additional specimens of remarkable elliptical 
stone rings, resembling an ordinary horse collar, made from a very hard 
syenite rock, and carefully sculptured and polished. It is snggested that 
&e.y were placed on the neck of the human sacrificial victims during 
religious ceremonies, probably for effecting strangulation before the lata! 
stnAe of the obsidian knife. One of them is of a different pattern, being 
riiaped like a horse-shoe, or the letter U, and of more massive propor- 
tions. Indnded in this interesting collection are also several ancient 
gtone chisels similar to those found in the United States, and a number 
of terra-eotta images of grotesque form. 

From Barbadoea, West Indies, through the kindness of Granville 
CSiester, esq., we have obtained several ornaments of carved shells and 
aluitohetaf the same material. Articles made of shell are now exciting 
■Mil teiexGit, as this substance seems to have been widely employed at 
■IMd|i*ifHiodHthat oFtbeageof themouod-buildera. -. , 
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British Gutona. — P. Figyelmesy, esq., United States consol, haa pre- 
sented a valnable series of articles in nse among the tribes of Indians 
now living in the interior of that country, including sets of bows and 
arrows, war cfabs, a blow-gnn, with two cases of arrows poisoned with 
the wooralij an emblem of office, consisting of a clnb and a p|ddte com- 
bined ; a stone chisel, and also head dresses, made of -brilliant- 
colored feathers, bracelets of the green and gold wing cases of a large 
species of beetle, (Buprestis,) beaded aprons worn by females, a necklace 
of the teeth of the peccary, and a flute constructed of the long bones of 
a wading bird. 

From Central America, Dr. Earl Flint, while examiningthe Island of 
Ornatep^, in Lake Kicaragna, obtained for the Institution, from ancient 
tombs, an idol and three earthenware vases of mnch interest. From 
Ohiriqni, an unknown donor has contributed an earthenware vase. 

Franee. — The prehistoric caverns and rock shelters of Prance, under 
the persevering investigation of Professor E. Lartet, have j-ielded 
snch a harvest of precious relics, and of ingenious and interesting de- 
dnctions, as to have conferred on him a world-wide renown. Out of 
his abundant materials he has with mnch liberalit.T presented to the 
Institution several cases filled with objects, of which it will suffice to 
enumerate a few prominent specimens. Of the animals contempo- 
raneous with man in those obscure times, there are bones of the horse, 
some of them gnawed by wolves ; of the aurochs, rhinoceros, wild goat^ 
chamois, hyena, reindeer, including a very perfect jaw and t«eth of the 
cave-bear. Associated with these are two small bones of the human 
skeleton, apparently belonging to the phalanges of the hand. Among 
the implemente of war,, of domestic use, and articles of ornament, are 
casts of bone implemente, chiefly for maldng perforations, stone knives, 
sculptured horn of reindeer, and bone aigrettes, probably for fastening 
skin or fur dresses ; also a mortar for grinding grain or fruits, and casts 
of arrowheads, in forms very similar to those of American specimens; 
and many flakes of flint struck from the core while making knives, 
arrow-poiuts, or other articles. The European flint is better adapted 
to this mannfaeture than any stone found in America, except obsidian. 
These flint chips were gathered from fourteen difi^rent localities in 
France, indicating the prevalence of the art of fonning cutting imple- 
ments of stone and the density of the population. Professor Lartet 
has also contributed several large masses of the breccia which occupies 
the floor of the caves, consisting of bones and teeCb of animals, flint 
flakes, pebbles, and other objects cemented together into a solid pave- 
ment. The composition of these masses apparently indicates the great 
antiquity of man, since they present the stone implemente of his con- 
struction embedded in the same materials with the bones of the rhinoc- 
eros and other extinct animals. The most remarkable portion of this 
collection may, however, be said to consiBt of the iUostrations of the 
art of Bcnlptnre as it existed among the prehistorle races., 33ie material 
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employed was the broad portion of the horns of the reindeer or the 
ivory tusks of the elephant. These carvings exhibit a remarkable ap- 
preciation of form and composition, undoubtedly derived from constant 
observation of the wild animals depicted. They cliiefiy represent the 
more remarkable Quadrupeds, such as the elephant, reindeer, bear, 
aurochs, &c. These are all exhibited in motion or in striking attitudes, 
such as leaping, fighting, or flytug from pursuit. 

Polynetui. — It is proper here to record an addition to the collections 
from Commodore John H. Aulick, United States Navy, consisting of A 
lai^ cape or mantle entirely covered with brilliaDt plumage of scarlet, 
gold, and black feathers, derivell from birds which are extremely rare 
in that country. It was made for the personal decoration of King 
Kamehameha on state occasions, and presented by bis Majesty to the 
commodore when he officially visited the Sandwich Islands, some years 
ago. From Commodore Magruder, United States Navy, we have re- 
ceived several warlike implements of the Fe^ee Islands. 

Meteoeology.— Theaysteminaoguratedatthebeginningof the In- 
stitution has been carried on as usnal during the past year. The whole 
Dumber of observers reporting to the Institution during this period has 
been 479, and to the Medical Department of the United States Army, 
120, making in all 699. Among these, 167 report indications of the 
barometer and the other iostniments, and the remainder those of the 
thermometer, rain-gauge, and wind-vane. Owing to the necessarily un- 
settled condition of the army since the war, many changes have taken 
place in the posts at which observations are made, and therefore the 
permanent^ or, rather, normal condition of the whole system has not yet 
been established. I say " normal" because, since the observations made 
for thelpstitntionarefrom voluntary observers, and some changes must 
take place in the disposition of troops, therefore more or less variation 
in the number and locality of points of observation must always occur, 
and a condition of absolute permanency is not to be expected. Nearly 
an the material that has been collected by the Institution during the 
last twenty years isiu the hands of computers, with the exception of 
that relative to the rain-fall, which has been discussed and of which the 
nsolts are now passing through the press. The material relative to tern- 
peratore has been put in charge of Mr. Charles A. Scbott, and will be 
completed during the present year, provided the usual number of com- 
puters are retained. The discussion of the material relative to the 
winds of the northern hemisphere, collected by the Institution from 
various sources, is in charge of Professor Coffin, of Lafayette College, 
who, with a number of assistants, will press on the work of its reduc- 
tkm and discussion as rapidly as the means appropriated for the purpose 
vfil allow. The previous discussion of the winds of the same region by 
BMbMor Coffin, published in the transactions of the Institution, has 
llfeBlAvted as a part of the basis of the pilot charts of the British 
4«iat.i« . *^Offioe, which fiict may serve as an indication of the value 
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attached to the publicatioiis 4f oar iDStitntioii aad to the labors of one 
of its collaborators. Few persons not having experience in the matter 
coald imagine the amonot of labor required in the leduction and dis- 
cussion of physical observatioas. In tbe case of the obserratiooB re- 
ported to the Smithsonian Institution nearly three millions of figures 
have to be goue over. But this is not all. Yarions hypotheses have to 
be provisionally assumed, aud tbe deductions fVom them tested by com- 
parison with the actual results of observationsj while many special re- 
sults have to be dedaced in accordance with previously established for- 
mulas. The result of the discnssiou of the raiu-fall, besides being given 
in tables, is illustrated by carves and rain-charts. The piinting of the 
tables is necessarily a slow operation, requiring special care in the cor- 
rection of the proof. The printing of the charts has been facilitated by 
exhibiting the relative fall of rain in each part of the conntiy by dif- 
ferent depths of shading iu theoriginal engraving, the distinction being 
made more obvious by a second printing in a single color. The rain- 
charts are three in number ; one exhibits the relative iall of rain for the 
whole year ; another for the three months of snmmer ; and a third dur- 
ing the months of winter. For agricultural purposes the rain -fall in the 
summer is most important, bnt data are given in the tables to ascertain 
it for every month of the year. 

The distribution of rain is very materially affected by the prevailing 
direction of tbe wind, and this again is modified by the declination of 
the sun, a fact which must be evident when we consider that the motive 
power of the great coireuts of the aerial ocean is the greater heat of 
the equatorial regions derived from the perpendicular I'ays of the sun, 
which, expanding tbe air, causes it to ascend and flow over in each 
direction toward the poles. The medial line along which this expansion 
takes place must move north and south with the sun in his varying de- 
clination. If tbe earth were covered entirely mth water, and were ai 
rest, the currents of the air would be comparative!}* simple ; but, since 
the earth is in a rapid rotatory motion eastward, the currents which flow 
at the surface toward the medial line move on one side from the north- 
east and on the other li-om the southeast, thns forming what are called 
(he "trade-winds," while the same currents continued upward and 
northward on one side, aad upward and southward on the other, curv- 
ing eastward, form the great stream of western return-trades which in 
the northern hemisphere, in summer, continually flow over the TJnited 
States, at a high elevation, and which waft the higher clouds eastward^ 
(^Ting a similar direction to the principal storms of every season. In 
midsammer, when the medial line we have referred to is carried north- 
ward by the northern declination of the sun, the npper current reaches 
the earth beyond the fiftieth parallel of latitude, and precipitates the 
vapor which it brings &om the Pacific Ocean in the form of rain on the 
western coast of America, to the depth, at Sitka, of ninety inches. As 
the sun declines to the south the rain belt gradually desc^ids along the 



BBPOBT OF THE 8ECBETAB7. 49 

coast nntil it reaches, in diminisbed quantity, the Boutbcni portion of 
California. As the sun ascends again toward the north the rain also 
gradually returns nortliward, nutil it leaves almost entirely, during the 
summer, that portion of the western coast south of 00° north latitude. 

The primary currents of air ive hare mentioned are modified by the 
Tarj iiig relative temperature of the obean and the continents. The 
capacity of water for beat being about six times that of land, the latter 
becomes relatively mach warmer in summer and colder in winter than 
the former; and since the air at the surface of the earth tends to flow 
from the colder to the warmer region, there must be a tendency of the 
wind from the ocean toward the land in summer, and the contrary in 
winter; though this may not be powerful enough to reverse the general 
current^ it is yet sufScieutly so to produce in them the modifications of a 
very perceptible character. In summer, the greater heat of the surface 
of the middle portion of North America keeps the return trade-cun-ent 
at a high elevation, and produces a- surface current from the Gulf of 
Mexico, which, on account of the motion of the earth, assumes a direc- 
tion from soutUwest t« northeast, bearing with it the moisture which is 
precipitated iu rain, principally tbrongbout the region east of the Mis- 
sissippi Kiver. Were the earth at rest the same current would fiow 
over the whole of the Mississippi Valley to the base of the Rocky Moun- 
tains, and the aridity of the western portion of this region would no longer 
exist. 

In winter, when the upper current, after sweeping across the Pacific 
Ocean, ascends along the western slopes of the mountains, it precipi- 
tates its moisture on their crest in the form of snow, which, melting in 
summer, gives rise to numerous streams w&ich, although not sufBeient to 
irrigate all the region between the Bocky Mountains and the fertile 
cooDtry adjoining the Mississippi on the west, may yet, by well-directed 
enterprise, serve very much to circumscribe the arid regions in the 
Mississippi Valley, as well as to mitigate the droughts of the great in- 
terior basins of the mountain system. 

Iu summer, the sun approaching, in its northern declination, a posi- 
tion nearly vertical to the extremity of the Peninsula of Florida, heats 
the laud and produces iufiowing and upward currents of air, charged 
with moisture, which, perhaps more frequently in the after-part of the 
day, falls in copious showers. In winter, on the contrary, the snn being 
(ar south of the latitude of Florida, the surface currents are almost 
Qeotralized, or tend to dow from the land, and, hence, the rain-fall at 
this season is much less. 

In the region cast of the I^Iississippi, including the whole Appalachian 
system, the direction of the surface wind is the same as that of the trend 
of the mountains, and hence both sides and crests of the latter and ia- 
tweniug valleys are covered with vegetation. 

23ie region along the eastern co:i.st of the United States is also sup- 
|iM iritb- vapor from the Atlnutic Ocean, which is borne inland in all 
wm irinm mi approaching storm gives rise to a wind from an easterly 
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direction. The precediog sketch gives a geoeral exi>lanation of the 
marked contrast between the rain-foU of the eastern and western hnlres 
of the United States. 

Most of the records of meteorological phenomena which were made 
prevjoos to a comparatively late date had for their object the determin- 
ation of, what may he called, the statical condition of the weather in dif- 
ferent places, or, in other words, the determination of the averagd atmo- 
spheric pressure, temperature, direction of the wind, and the fall of rain. 
A knowledge of these elements is of great importance in ascertaining the 
relative climates of different countries, particularly in regard to sanitary 
and agricultural considerations. In later years, however, systems of 
meteorology have been established having more especially for their ob- 
ject the record of the simultaneous conditions of the atmosphere in differ- 
ent portions of the earth, and the origin and progrcssof storms; that is, 
to discover, if possible, the dynamic principles which regulate the phe- 
nomena of the weather. Systems of this kind have been established in 
almost every part of Europe and in several parts of Asia, even in Turkey, 
in the Kast Indies, and in Korth America. These systems are not only 
intended to indicate the laws according to which the atmospheric dis- 
turbances are produced, bat, also, to predict, by the aid of the telegraph, 
the weather that may be expected within a given time. 

The Smithsonian Institution was the first to make use of the tele- 
graph for this purpose. The state of tbe barometer and thermometer 
and the direction of the wind were received from the various telegraphic 
stations at 8 o'clock each morning and recorded on a large map fastened 
to a board, into which small iron pins were driven to sapport circular 
cards of different colors, which indicated the character of the sky and 
of the weather — whether cloudy or clear, raining or snowing. On each 
card was drawn an arrow, the direction of which could be varied by 
suspending the card from one of eight holes with which it was pierc«d. 
A glance at this map showed at once the condition of the sky and direc- 
tion of tbe wind over the whole country, and knowing from previous 
observation the direction of the movement of storms, the weather could, 
in most cases, be predicted, frequently more than a day in advance. 
In Europe the predictiftn of the weather ia fonnded on the probable 
direction of the wind at a given place as deduced from telegrams 
giving the maximum and minimum pressures of the air as indicated 
by tbe barometer. It has been found from observation that the 
wind which may be expected will blow nearly at right angles to a line 
joining the maximum and minimum pressure of tbe air, and that the 
face being turned toward the minimum point, the wind will come &om 
the left-hand side. This rule, however, may be theoretically deduced 
from the movement of the air in the form of a cyclone, but will scarcely 
hold true in case of the storms observed in the eastern portions of the 
United States. Tbe storms that visit the west of Europe are those 
which come directlv fcovn the ocean, where the cyclonal charact|^| of the 



KEPOHT or THE 8ECBETABT. 51 

wind finds little disturbance from ineqaalit; of sorface, wbile the storms 
OD the opposite American et^st have their origin far inland, and are sub- 
ject to greatcbangesof form by moontains or other obstractions iu their 
passage to the Atlantic Ocean. The system adopted by the Instttntion 
for predicting changes in the weather was intermpted by the war, and 
since the restoration of peace the telegraph companies could not be in- 
dooed to famish the transmission of the necessaiy telegrams &ee of 
charge; and as this project was intended as a practical appUcation of 
sdence and would reqoire a much larger appropriation for its snpport 
than coold be afforded by ihe Smitbson taoA, the proposition to renew 
the system has been allowed to rest. At the present session of Congress, 
however, a resolntion was offered by Mr. Paine, of Wisconsin, which 
was adopted, anthorizing an appropriation of 926,000 for a eystem of 
weather signals, especially along the northern lakes. The general direc- 
tion of this system has been placed in charge of tbeCbief of the Sigmtl 
Corps of the Army, General Myer. The plans which have been adopted 
for the carrying oat of the proposed object have not been communicated 
to tbe Institution. We shall, however, be ready to give any advice or 
asfflstance in conducting the enterprise which may be required, and also 
to avail oorselves of any fiicilities which it may afford ns in tbe study 
of the climatology of the northern hemisphere. 

Bespectfnlly submitted. 

JOSEPH HENBY. 

J^unrABT, 1870. 
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Table shoicing the entries in ike record books of the Smithsonian Museum 
in 1868 and 1869. 



Class. 


1868. 


1869. 




P. 150 
9,300 

54,000 

7,aoo 

5,6K 

14,100 
1,2W 
13,500 
8.725 
110 
7,300 
6,Gi5 
7,400 
175 


9,708 
9,516 








7,517 

7,685 
















2,725 














9,233 












142,397 


158.652 





The total nnmlwr of eutries diirinjr the year thus ntnounts to 16,255; 
of which nearly 5,000 nre birds and 1,800 ethnological objects; 1,400 



Class. 


Dwtrilintion to the 
cdU of 1868. 


Distributiou in 1809. 


Total. 




Speci«s, 


Specim'ns. 


Species. 


Spoeim'ns. 


Species. 


Specim'ns. 


SknllsandskoletonH. 


129 


163 

1,667 
l.'>,440 

5,200 
10,627 
172, 472 
727 
3,516 
5,152 

19,318 

9,002 
6.654 
1.107 

2,587 
555 


25 
3.1 

2,943 

2 

10 

230 

5,421 


430 
39 

8 

10 
1,084 
5,455 


154 

885 
12,951 
1,701 
2,434 
4,381 
78,391 
551 
1,023 
1.838 

1.1,658 

3,958 
S,880 
1.107 
1,532 
26 


SKI 
l,70ti 
18,996 
2, WW 
5,210 
11,711 
177,927 
727 
2.526 
5. 152 

19,218 
9,984 
7,774 


Birds 

Reptiles 


10,008 
I,li99 


fa"'.'!^;:::;:; 

Eadintes 


4,151 

72,970 

651 

1.013 

13,658 
a, 401 

2, lie 

1.107 

1, 420 

15 


Cmstllceaiis 


10 


10 


Plants and packages 








557 
762 


982 
1,120 
47 
35ff 
11 


Minerals and rocke,. 




112 
11 


2,846 
566 


Diatomaceona earth. 




117,354 


255,909 


10.116 


13,011 


127,470 


2&i,l«0 
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Additions to the collections of the Smitlisonian Institution in 1869. 

Alden, Dr. C. B., United States J,rmy-— One box fossil bones and teetb, 
Wyoming Territory. 

AJtard, C. T. — Collection of mineral^ Illinois. 

Athens, Greece; Museum of XaturalBistory, — Fossil bouea firom Mount 
Pikermi. 

Aulick, Commodore John M., United States Navy. — Feather cape of 
King Eamebamaha, fVom Sandwich Islands. 

Arey, Adam. — Indian spear head, Indiana. 

Baird, Professor 8. F. — Skull of mephitis, Massachusetts; portions of 
skeleton of whale, Grand Manan, New Brunswick ; bones, stone imple- 
men ts, &c., from caves near Carlisle, Pennsylvania ; 40 skulls of porpoise, 
Bay of Fundy ; bones and relics from shell mounds, Maine. 

Barj%e», Major General J. K., Surgeon Oeneral United States Army. — 
See Washington, Medical Department United States Army. 

Barratt, Dr. Moses. — Indian relics and fresh-water shells, Wisconsin. 

Bartkolf, Dr. John A., United States Army. — Ardea kerodias, Missis- 
sippi. 

Beales, A. C, hospital steicard United States Army. — Box bird skins, 
North Carolina. 

Behrens, James. — One box insects, California. 

Biddle, Leopold. — Carboniferous fossil, stone chisel, &c., Iowa. 

Bischo^, Ferd. — Eight boxes zoological collections, trom Alaska. 

BJactburn, George and Charles. — One box birds' eggs, Iowa. 

Blackman, Mrs. Zeah.— One box Indian stone relics, &c. New Jersey. 

BlaJcealee, C. T.—Oae hornet nest, Ohio. 

Boardman, G. A. — Indian relics from shell heaps of Maine; and 100 
skins of birds from Florida. 

Bolles, Bev. E. C. — Box of shells, {Lymnea ampla,) Maine. 

Boncard, A. — Coleoptera and reptiles from Mexico. 

Breslau, K.; Ober-Berg-Amt — Gollcctipu of minerals and fossils of 
Germany. 

Brevoort, J. Carson. — South American deer in flesh. 

Bryan, O. If. — Miscellaneous Indian relics, Maryland. 

Burr, Fearing. — Cast of Indian stone pestle, Massachusetts. 

Byrne, Dr. C. C, United States Army. — Indian stone scrapers, Ar- 
kansas. 

Cambridge; Herbarium of Harvard College. — One box seeds of acacia, 
&c^ Australia. 

Cameron, John. — One card Indian arTow-heads, Maryland. 

Canfield, Dr. C A. — One box marine animals, and two boxes nesta 
and eggs, California. 

Capel, J. H. — Bones of elk from Canada. 

Vapron, OeneralH., Commissioner of AgrioUture. — Soe TTiw/HMjftoii, De- 
partment of Agricultore. 

Carter, Mr. — One box fossils and minerals from near Fort Bridger. 

Charbonnier, Dr. A. V., United States Army. — Minerals and fossils from 
Mammoth Gave, Kentucky. 

Chester, Rev. G. T. — Three shell implements, Barbadoea. 

Chicago; Academy of Sciences. — Copy in terra cotta of an image from a 
moand, Missouri ; electrotype oast of copper-knife from moand in Illi- 
nois ; cast of ancient vase. 

Christ, Richard. — Egg of Sawwhet owl, Pennsylvania. 

ClwTc, S. — Indian pottery, stone and shell implements, ekalls, &c., 
Florida, , ..CioO'^lc 
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Collett, John. — Three Indian anows, trilobites, fossil ferns, &c., Indi- 
ana. 

Covet, Dr. K — Two boxes bird skins and osteological collections, North 
Oarolina. 

Crocker, Alten. — Fossils and zoSlog^ical specimens, Kansas. 

Currier, Dr. J. M. — Indian stone rdics, Vermont, 

Cwrtia, Bm. M. A. — Teeth of cyprinoid tUh, Indian relics, and Indian 
beads ftom a grave, North Carolina. 

Doll, W. H. — Paper currency from Pekin, China; and 22 boxes zoolo- 
gical and ethnological collections from Alaska. 

Davis, J. H. — Skin of panther. 

Davia, H. — Fossil coralline, (T) Minnesota. 

Davis, Dr. Samuel. — Indian stone relics, Indiana. 

DeCrery, P. A. — Specimen of magnetic rock, Martinique. 

De la Vemeg, 3fr,— 9uppose<l meteorite, New York. 

De Oca, R. Montea. — Mounted peccary, (Dicotyle torquatas,) Mexico. 

De Selding, Charles. — Skul! of dog, Tennessee ; bit and reins of bridle 
from Lima, Soath America ; black slate carveU pipe. Northwest Pacific ; • 
fishing line, hook, and net, Otaheite. 

Deems, J. W. — One box ct^^r and silver ores, &c.,<Mexico and Cali- 
fornia. 

Dean}/, Henry. — Set of casts of the great seals of EDgland; sknil of 
dog and portion of pehis of rhinoceros from Dowkerbottom Cave, Eng- 
land ; Etiplectella tpeciosa, Philippine Islands; fossil crinoid, ( WooAocri- 
nu«,) from York, England. 

Department of Agriculture, General H. Capron. — Mounted rabbit, nest 
of onole, stone war-club, &c., Pennsylvania, 

Destruge, Dr. A: — Two boxes inrda, Bcnador. 

Dille, Mr. — Teeth of fossil horse, Illinois. 

Dodd, P. 8. — Eggs of tern, merganser and ring plover. Nova Scotia. 

Edwards, Amory, — Skins of six species of jay, California. 

JEdtcards, Senry. — Ou6 bax insects, and living Helixarrosa, Catifomia. 

jEndres, J. B. — Two boxes of humming birds, Costa Ric!». 

Fauntleroy, Thomas IF., jwr 0. y. Bryan. — Indian mortar, axe, &c., Vir- 
ginia, 

Femald, Charles, — Nenropterous insects, California. 

Figyelmesep, P., United Slates Cojwirf.— Three boxes birds, insects, and 
cnriosities, British Guiana. 

Flint, Dr. Earl. — Ancient pottery and seeds of tlie turkey flower, 
Nicaragua. 

Ibrce, Senry C. — Shell ornaments from Casa Blauca, near Gila fiiver, 
with fragments of pottery, sttme axe, &c. 

Foreman, Stephen. — Indian relics. New York. 

Gardner, E. F. — Indian relics from shell heaps, Maine. 

Gardner, Dr. W. E., United Slates Army. — Indian implements and 
relics, Dakota. 

Oetsdorf, Dr. — ^Two skulls of Indians and one beaver skull, Montana 
Territory, 

Ohiselin, Dr. J. T., United States Army. — Indian implements, &x., Ore- 
gon. 

Giddings, Edward. — Skulls of Nisqaally Indian and of mammals; ser- 
, pulSj anti casts of shells, Washington Territory. 

GiUiaa.John B. — Skull and other bones of human skeleton, Utah. 

Ooss, B. F. — One box birds' eggs, Wisconsin. 

Gray, Dr. C. C, United States Army.— Skeleton of Indian child, Do- 
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OraysOH, Colonel A. J. — Four boxes birds, iosects, &c., Mexico. 

Griffith, Amos L. — Nest of humming bird, Tounessee. 

Grinnan, A. 0. — Indian stone implements, Virginia. 

Grnber, Ferdinaiid. — Six skins Harporhyckeits rcdiviviis, California; 
and one box birds, Australia and California. 

Hagaa, J. W. — Indian stone relics, Kentucky. 

Hally Dr. E. — Indian stone relics, Illinois. 

Hancock, E. M. — Birds' eggs, Iowa. 

Harper, W, J. W. — One box sUells, California. 

Harden, Dr. F. V. — Ancient eoapstoue bow), Wyoming Territory ; 
and 2:i boxes geological and other collections, Colorado. 

Haymond, Leigh. — Indian stone implements, Indiana. 

Haymond, Dr. Rufug. — One bos Indian stone relics, Indiana. _^ 

Hererin, John T. — Mcnopoma allegltanieitsis, Missouri. 

Holmes, Pro/easor F. 8. — Pbospbatc of lime from Ashley River, South 
Carolina. 

Howe, Sev. S. S. — Indian pipe and other relics, Dakota and Iowa. 

Hoxie, Waller. — One box birds and birds' eggs, South Carolina. 

Hough, Dr. F. B. — Bones of Sua from depth of IS feet in Loess, and one 
box Indian relics, New York and Canada. 

Hoy, Dr. F. B. — Skull of a Pottawatomie chief and Indian vase (mm 
moaud ; also birds' nests and eggs, Wisconsin. 

Habbard, Dr. E. W. — Helices from varions localities. 

Hadatm, W, U. — Two boxes birds, Buenos Ayres, 

Hurt & Bros. — Box iron ore, clay, &c., Virginia. 

Jewelt, Colonel E. — Corallines in chalcedony, Florida. 

Jonet, Ree. C. M. — One box birds, Connecticut. 

feenon, T, J. R. — Two boxes insect^i, one bos shells, Mississippi. 

Eelley, Dr. A. Way, United States Army. — Fragment of tooth of mas- 
todon, Mississippi. 

Kitpatrick, General S. — Mummied child from Arica, Peru. 

KiminUi, Dr. J. P., United States Army. — Indian scalps, rattle, &c. 

King, Clarence. — ^Twenty-six boxes and two kegs, geological and natu- 
ral history collections from Utah. 

Kirkby, Bee. W. TT,— One box specimens natural history, birds' eggs, 
&c.. Fort Simpson, Hudson Bay Territorj'. 

Klvge, Dr. J. P. — Reptiles and insects, Panama. 

Knudsen, Valdemar. — Ninety human crania. Sandwich Islands. 

Ziodd, 8. A. — Twelve'Indiau stone relics. New Hampshire. 

Jjirtet, Prof. E. — One box prehistoric remains, France, 

Latimer, George. — One box bird skins and one box stone implements, 
Porto Kico. 

Lawrence, G. N.—6racttlus mexicantia mounted, Cuba. 

Le Carpentier, Jules. — One box beetles, New Mexico. 

Lea, Isaac. — Indian stone axe, Fenosylvania ; specimen of granite per- 
forated by Pkolas, Nantes, France. 

Lee, Dr. J. — Qoldeu eagle in flesh, Marjland. 

Leer, James. — Lignite and iron pyrites. District of Columbia. 

Letcit, Dr. James.— One box fVesh-water univalves, New York. 

Lewis, 8. G. — Diallogite and other minerals, California. 

lAmpert, W. R. — Indian stone relics and eggs of woodcock, mallard, 
&c., Ohio. 

Lincecum, Dr. Gideon. — One box Lepidoptera, Texas. f 

Lincecum, G. W. — Humming birds, ana four boxes birds, insects, &c., 
Texas. 

Loekhart, James. — One bos insects, Hndson Bay Territory. , 

ooylc 
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London; Jtoyal ColUge of Surgeons, through I'ro/cssor Flower. — Skulls 
of lion, tiger, jackall, &c. • 

Lyons, Dr. W. B. — Fossil naurians, Sew Mexico. 

Lyons, E., Hospital Stetcard, United States Army. — Indian implements, 
Dakota. 

March, Willtavt T. — One box birds, Jamaica. 

JITattJieics, Dr. W., United States Army. — Bird-skins, eggs, &c, Dakota. 

Maynardf B. J. — Oue box bird skins, Floritla. 

Mct'oughtry, Miss E. 6. — Indian stone implements, Kentacky. 

McCoy, Miss E. M. — Indian arrow -hefuls, Itidianiu 

McCoy and MaxiccH, Drs. — Massaaanga rattlesnake, Indiana. 

Mcllcainc, J. If. — Collection of bird skins and Indian relics, Pennsyl- 
vania. 

McKce, Dr. J. C, United States Army. — Navajo bracelet, Indian Terri- 
tory. 

McWcen, J. M. — Skull of mound-builder, Indiana. 

Merritt, J. C. — Indian arrow- iieads, New York. 

Moffdtt, Dr. P., United States Army. — Indian implements, Oregon. 

Micliener, Dr. E. — Indian stone relics and tyiie specimen of Euspiza 
townscndii, Pennsylvaniit. 

Micltener, Captain J. — Skin of parplc gallimUe and ancient relics in 
iron and brass, Itlaine. 

Milborn, Caleb. — Car\ing in ornamental green marble, Delaware. 

Minor, Dr. T, T. — Five boxes etlinology and uatural bistory, two 
skeletons of sea otter, and box of Indian curiosities, Alaska. 

Montreal; MeGill Unirersity, front Principal Dawson. — One box Indian 
antiriuities, Indian axes, &g., Canada. 

Moore, C. R. — Indian pi[>es, arrow-heads, &c., Eastern Shore of Vir- 
ginia. 

Morris, W. P. — Head of diamond rattlesnake, IVnssissipi>i. 

Nelson, Peter. — Teeth and bones of mastodon, Florida. 

NcKsom, W. Leicis. — A cane carved by Andrew Oliver, a revolutionary 
soldier, and prisoner to the British in 1783, New York. 

Xeic Xork; Central Park Commission. — Two living European swans, 
Now York. 

Xichols, Dr. — Raccoon in the flesh, District of Columbia. 

Stjcon, J. Sbarpe. — One binl {Reynhts satrapa) in Jlesli, Tennsylvania. 

yorris, H. W. — Indian stone relics, Vermont. 

Karris, W, 0. — Indian stone relics, Vermont. 

OrtoH, I'rofessor, — Collection of bird skins, Ecnador. 

Otis, Dr. George A., United States Army. — Fonr seta bows, bow eases, 
quivers, and Indian trinkets, from the battle-ground of Washita River, 
Indian Territors'. 

Palmer, Dr. E. — One box binls' nests and eggs, Fort Wingato. 

Parker, H. 0. — Bdl of white peliciin, &c, Nevada. 

Parrish, Henry M. — Egg of fiiij-eeeh owl, Alabama. 

Philadelphia; Academy ofXataral Sciences. — Egg of Alca impennU, or 
great auk, Iceland. 

Phillips, if. W. S. — Indian atone relics, Kentucky. 

Pitdi, Captain, through Agricultural Department. — One crab; Caribbean 
Sea. 

Phanbo, 6. — Indian stone n.>ltcs, Kentucky. 
• Plummer, U., and Comeyys, U. C. — Twenty-threo bin! skins, Con- 
necticot. 

Portland; Society of Katural History. — Postpleiscene fossils, Maine. 

Post, Dr. S. A. — Quartz geodea, Syria. ( 'nfioir • 
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Potcell, Dr. R., tTnited States Armg. — Bow, qoiver, &c., Pitt River 
Indiaus, Oregon. 

BareneL Dr. — Land ahellB and alcoholic preparations, Texas. 

Beere, J. F. — Collection of bird sl^ins, Ecuador. 

Eeinert, Dr. Paul. — Tlirt* packages of diied plants, Germany. 

Reynolds, Dr. R. M. — Indian pottery, arrow-lieads, &c., Alabama. 

Ridtfwai/, Robert. — One box birds, Illinois. 

Ring, LieiiteHant F. M., United iS'totes Army. — Porty-two objects Indian 
curiosities, Alaska. 

Rnbinson, Windham. — Bones of young mastodon, &o., Virginia. 

Rothhammer, J)r, & M. — One Indian soapstone diob, Florida. 

fiartorius, Dr. C. — One box specimens of natural liistory and ethnology, 
and a specimen of Lijstra cerifera, Mexico. 

Saxton, Joseph. — Indian stooe relics, seeds, &c., District of Colnmbia. 

Seammon, Captain C. M. — Kostnim of sword-fish, Pacific Ocean ; one 
keg iilcoliolic specimens, sknils of seals, skins of fur seal, cetacean skulls, 
&c., Paci6c Coast. 

Schlatter, William. — One package binls' nests, Germany. 

Schultz, Dr. (7. F. — Indian stone axe, Pennsylvania. 

Sclater, Dr. P. L. — Sine "bird skius, Bogota. 

Seanions, Letris. — Nest and eggs of birds, Connecticut. 

Shanks, William. — Indian stone relics, Indiana. 

Skimer, H. — £lectro copy of an Indian cojipcr knife, Illinois. 

Smith, Benjamin H. — Intliiin stone relics, Pennsylvania. 

Smith, Hamilton. — Two iiolislicd Indian implements of iinartz, Indiana. 

St. John; Natural History Societi/. — Itcvouian fossil plants, New 
Brunswick. 

Steams, R. E. C. — Collectionsof ancient relics from sbellbeaps; twenty- 
two species of shells in alcohol, Florida. 

Sternberg, Dr. 0. M., United States Army. — Burial case of an Indian 
child, five boxes vertebrate and other fossils, Kam^as. 

Slenenson, James. — Arapahoe (Indian) saddle, Wyoming Territory. 

Stimpson, Dr. William. — Indian shell implement, Florida. 

Storrowi, Dr. F., United States Army. — Indian implements and relics, 
Idaho Territory. 

Sumichrast, l)r. F. — Three boxes birds, mamnmis, reptiles, &c., Mexico. 

Sicift, Dr. E., United States Army. — Indian pottery, stone implements, 
pipes, &c., Louisiana. 

Tate, Ralph.— One box shells, Nicaragua. 

Thomas, General G. H., United StatcH Army. — Bones of walrus, and 
one box coal, Alaska. 

Thompstm, R. 0. — Three fossil shells, Missonri. 

Throckmorton, Mrs. — Indian stone mortar, Arkansas. 

Todd, Dr. W. H. — Indian relics from shell heaps, Maine. 

Totten, Dr. G. M. — Cormorant and Hying fish, Straits of Magellan. 

Turner, Granville. — Indian stone relics, Illinois. 

Vnknomn. — One box slH^cimens of coal, one box alcoholic specimens 
insects. 

Vanardale, Henry. — Indian stone hatchet, Indiana. 

Wagner, Dr. Clinton, United States Army. — Squirrel and bird skins 
and Indian implements, &&., Idaho Territory. 

Waiejield, Dr. — Skin of wren, Camp^lorkyncws brunndeapillus, Souora. 

Warner, John G. — S])ccimens of rotten stone, Pennsylvania. 

Washburn, Hon. TItomas. — Indian arrow-heads, Indiana. 

Watkington; Army Medical Mtiscum. — See Medical Department United 
States Army. /-- i 

' • Digitized bvCOOgle 
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Waabijujtoit; Medical Department United States Army. — See Dra. Alden, 
ByruG, Cherbonnier, Gardaer, GliiaeliD, Gray, Kelley, Kimball, Lyons, 
W. B., McKee.MoSFatt, Oti8, Powell, Eeyiioltla, Sternberg, Storror, Swift, 
Wagner, White, Wliitebead, and Lyona, E., hospital steward, United 
States Army. 

Washington, Agricultural Department United States. — See Cajirou, 
General H., Ravenel, Dr., Geisdorf, Dr. 

Weliitood, Stephen. — Cane madeo£wood of steamer CLarlotteDiiudas, 
1803, Scotland. 

Wheeler, Euel. — Indian stone relics, Vermont- 

White, Dr. R. H., United States Anny. — Aucieot potteiy from moand, 
Alabama. 

WhiteJiead, Dr. W. E., United States Army. — Indian implements, Wash- 
ineton Territory. 

Whitney, Joseph. — Indian beads, f^oage cbisel, &c., Maine. 

Wilkinson, S. L. — Collection of ludian relies, miuerals, plants, Ten- 
nessee. 

Williams, H. C. — Stone implement, Virginia. 

Wilson, Dr. 8. W. — Four- living Amphivwa, Georgia. 

Wtfaon, Samiiel. — Indian stone implements, New Jersey. 

Wilson, Thaddeus. — Indian stoue relics, New York. 

WiTigate, John D. — Two Bulamanders and box of insects, Indiana. 

Yates, Dr. L. 0. — ludian skulls and fossil ox boues, and Indian stone 
relics, California. 

Yeayer, Mr, — Indian arrow-lieads, flint-flakes, &c., Kow York. 

Young, ^atAan.— S[>eciniens in alcohol, Indiana. 
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TabU ahotcing the statistics of the Smithsonian exchanges in 1869. 
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LITEBABT AK1> SCIE^TTIFIC EXCHANGES. 



Packages received hij the Smitksonian Iiutittition from parties in America, 
far /oreign dwtribttti^m, in 1669. 



I'eI 



Ke^ntB of Kqiv York State Uuivcc- 

New'rork State Liiiraty 

New York State AgricultDrol Soci- 
ety 

AKX ARBOR, MICEUQAN. 

Professor A. Wiuchell 

BALTIMOItE, M All VIAND. 

P.E.Uhler 

DOSTOS, MASSACBUSETTS. 

American Acoilem J of Arts and Sci- 

American Social Science AssocJa- 

American Statistical Association — 

Board of State Cluuities 

Boston Society of Natural Historj-. 
Massacbusetts Historical Society.. . 

PnbUc Library 

Dr. &A.Oonld 

Dr. Houe, (Perkins Inatitnte for 

Blind) 

S. H. Scudder „.. 

CAuitnuKiE, uASSAcncsKTTS. 

Amcricnn Association for Advance- 

lucnlr of Sci(>nce 

Harvard CoUcgo 

Kluscum of Comparative Zoology . . 

Professor L. Agassiz 

Alex. Agamic 

Professor W^nnan 

CBAitLESTOji, eomi carou^'a. 

llodical Society of South Caiotina.. 

coiUMncs, OHIO. 

Oliio State A gricaltural Society 

Dr. W. B. Sullivant 

Leo Los^iucreux ". 

DORCHESTER, MASSACnUSKTTS. 
D"-. Edward Jarvia 

ProfeaaaT T. C. Porter. 



Professor 1". Pocy . . 



Institiitioii for Edacatiou of Dlind 

JASESVILtE, WISCONSIN. 
Institution for the Blind 

UILWAL'EEE, WISCOySLN. 

Professor L. A. Lapbain 

MONTREAL, CAXADA. 

Professor.). W. Danson 

KASH\niXE, TENNESSEE. 
Geological Survey of Tennessoe.. 

N'KW aiSaKY, INDIANA. 
Dr. E. 8. Cnwicr 



American Jonmal of Sden 

Professor E. J. Urosb 

Professor J. D. Diina 

Profe«8or A. E. VerriU.,-, 



NORTtlAMPTO.S', 

State Lauatio Asflnii 



Tbouiaa Blond . . 
T. S. Uickmoro.. 
£. Steiger 



rniLADELPIIIA, rESMYLVANIA. 

■ Academy of Natural Sciences 

American Pbanuacenticfil Society 
Amt'iicao Pbilosopliical Society . 
American Entomological Society 

, Penusylvauia House of licfugo.. 



LITERAR7 AND SCIEKTIPIC EXCHAKQES. 
Packages received from parties in America, &c. — Continued. 



PniLADELpQiA, PA.— CoDtinaed. 

PenDBjl vauia InstitnteforDeafond 

Public Schooia .1 '....'. ... 

Sociely for Alleviating Miseries of 
i'ablic PrtBonB. 

Dr. Isaac Lea 

Dr. John L. Leconte 

POfiTLAND, UAINB. 

Katnrol History Society 

PRISJCETOS, NEW JERSEY. 
A. D. Bromi 

FROTEDEXCE, RHODE ISLAND. 

R 1. Hietoricol Society 

qCEBEC, CAKADA. 

Lit«rarj and HiBtorical Society ,,.. 
BA1£M, MAAaACHUSBTTS. 

Emci Lutitute 

Peabody Academy of Sdeace . . 

SAK FRANCISCO, CAUPORNIA. 

California Acodemjr of Natural Sci- 

Benry Ednaids 

y. Grover. 

8T. LOCia, MISSOURI. 

Academy of Sciences 



ST. JOHN, NEW BRUSSWICK. 

Natural Hiatoiy Society 

ST. PAUl, MINNESOTA, 
tfinnesota Hiatorical Society 

ProfuMor H. A. Worlhen 

TORONTO, CA^'ADA. 

Canadinn Institute 

Observatory 

Dr. C. J. Bethune 

Burean of Statistics 

Interior Department 

Nautical Almanac Ofllco 

United Stat«s Coast Sorrer 

United States Agricultnral Depart- 

Unitctl States Department of Edu- 
cation 

United States Naval Observatory., 

Unite<l States I'utent OtUuo 

William U. Dall 

Dr. F. V. Haydeu 

Dr.C.CParry 

Dr.F.B. Hough 

M. L.Bebb. 

Unknown.. 

Total. 
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Packages received by the Smithgonian ItuHtution front Europe, in ] 
/or di»hriinitio» in Amo'ica. 



ALBASV, SJEW YORK. 

Albany Institnte 

Burean uf Military StatlBtics 

Dadley Observatory 

New York Stntu AgricaltDral Societv 
New York Stnte Cabinet of Natnnil 

New York State Library 

Now York Stale Univeraity 

Hon. Franeia C Barlow 

ProfesMir J. Hall 

Dr. Tlionias Hun 

AMtlERST, MASSACHUSETTS. 

Amherst CoUw^ 

Professor E. Hitcbcock 

Professor E. Tuckemian 

ANXAPOUS, MARTLAKO. 

United States Naval Academy. . . 
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Aeademie ImpiridU des Sdencea de 8t. Petersbourg. — MSmoires. VII 
Series, tome xii. No. 4. Untersucbnugen iiber Constitution der At- 
moephore und die Strahlenbrecbuog in derselben. (2" Abbandlnng.) 
VoD Dr. H. Gylden, 1868. 4^ 67 pp. 

Acadimie B&yale de Belgique. — Observationa des pb^nomfenes p^riodi- 
qnes i>endnDt les anndes 1865 et 1860. (Extrait du'tome xxx\ii dcs 
Kfdmoires.) 4*^ 74 pp. et 60 pp. 

Acim-mann, ProfenHor, — Newspapers containing articles on tempera- 
ture and rainfall of Port au Prince, Hayti. 

AiMfralianHorficjtiiaraiondAj'riciiffurniiSbrfcttf.— Horticultural Maga- 
zine and Gardeners' and Amateurs* Clironicle. Containing meteorologi- 
cal observationR at Yarella, Concord, New South Wales^y A. Stcpben. 

Baird, Professor 8i F. — Newspapers giving accounts of the great 
storms in New England in September and October, 18G9. 

Bartlett, E. B. — lleview of the weather at Palermo, New York, during 
tbe year 1868. (Newspaper slip.) 

Becordol periodical phenomena, arrival of birds, &c., at Palermo, 

New York, for nineteen years, from 1851 to 1869, inclusive. 

Batkand Hortkof England AgricvUuralJourTuil. — On the temperature 
of the aea and its iniluence on the climate and agricultare of the British 
Isles. By Nicholas Whitley, F. M. S. (Reprinted by pennission.) 8©. 
36 pp. Loudon, 1869. 

Boardman, 6. A. — Thermometrical observations made on the St. John 
Btver, Florida, between Jacksonville and Enterprise, during the months 
of January, February, March, and April, 1869. 

Bnthns, Dr. C. — Resultate aus den nieteorologischen Beobachtnngen 
angestellt an den fiinfundzwanzig Koniglichen Sachsischen Statiouen 
im Jahre 1867. 4°. 71 pp. Leipzig, 1869. 

C K. Towarzpsttca Nankow, Krakow. — Materyaly do klimatografii 
galicyi, zebrani przez sekcyi meteorologiczna komisyi przyogralicznq) O. 
E. Towarzystwa Nankow. Bok, 1867. 8°. 209 pp. Rok, 18C8. 8q. 253 
PP- 

Campbell, Prof. — Barometrical reports for the months of March, April 
aad May, i869, at Washington College, Virginia. 

Clingman, T. L. — ^Notes on the climate of Western Nort^ Carolina. 
(Printed alip.) 

Coe, Charles C. — Meteorological register kept at Hood's River, Oregon, 
daring the years 1865-'66~'67 and 1^8. 

CoUiiu, Colonel. — Houriy observations of thethermometerfrom 4 p. in., 
Jaoaary 4, 1864, to 4 p. m. January 7, 1864, at Fort Laramie, Dakota 
Territory. 

Corbett, Htm. E. W. — ^Weather record for eleven years, at Portland, 
Oregon, from 1858 to 1868, inclusive ; kept by Mr. Thomas Frazer. 
(Newspaper slip.) 

Croner, Dr. E. 8. — Meteorological registerfl for November and Dccem- 
her, 1866, at New Albany, Indiana. 

Dall, W, H. — Translation of meteorologicAl register kept at St. 
Michaels, Jk^mnt, and Nulato, Russian America, during the years 1842 
and 1843. 

Dttvbrie, M. jl.~Bxp^rience8 synth^tiqnes relatives aux m^t^ritea. 
Paris, 1868. 8o. 68 pp. 

Ditveiytort Femaie OolUge. — Meteorological report from the Daven- 
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port Female College, Lenoir, North Carolina, for the months of Hay, 
June, July, August and September, 1869. 

Itone, H. W, — Ueber den Stann vom 17 November 1866, von H. W. 
Dove, aus dem Abhandlungen der Koniglichcn Akadeinie der Wissen- 
schaften zn Berlin, 1807, {mit 2 Tafeln.) Berlin. 18G8. 4°. 49 pp. 

Eldridge, W. V. — Abstract of meteorological observatious at Gol- 
conda, Pope County, Illinois, during the year 1869. 

miia, Jacob Jf. — Eieview of tbe weather at Philadelphia for each 
month of the year 1869. (Newspaper slips.) 

French, J. B,, agent Winnipiaaeogec Cotton and Wooien Manuftmturing 
Company. — Kegister of rainfall at Lacooia and Lake Village, New Hamp- 
shire, during the year 1869. 

Gaile, Pr^essor Dr. J. 6.— Ueber die Bahn des am 30 Janoary 1868, 
beobachteten uud bei Pultulsk im Eonigreicbe Polen als Steiuregen 
Diedergefulleuen Meteors durcb die Atmosphiire von Professor Dr. J. G. 
Galle, Director*l3er Sternwarte zu Breslau, 8°. 43 pp. 

(iotdericke, 0. c7.-rPamphlets and newspaper idips relating to the 
climate, &c,, of Colorado Territory. 

Goulier, C. M. — Etudes g^ometriques sar Ics 4toi1e8 Alantes. Metz, 
1868. 8°. pp. 154. (Extrait des M^moires de I'Aoad^mie Imp^riale de 
Metz, ann^e 1866 et 1867. 

Grayson, A. J. — Meteorological observations, and remarks upou the 
climate of Mazatlan, Mexico. 

Saidinger, W, Eitter von. — Elektriacbe Meteore am 20ten October, 1868, 
in Wien beobachtet. Bericht von W. Hitter von Haidinger, wirk- 
licbem Mitgliede der Kaiserlicben Akademie der Wisseuscliaften. 
(Mit 1 Tafel.) 8°. 12 pp. 

Der Meteorsteinfall am 22 Mai 1868, bei Sclavetic. Zweiter Bericht 
von W, Bitter von Haidiuger, Mitgliede der K Akademie der Wiseen- 
schaften, (mit 1 Tafel und 5 Holzschnitten.) B°. 12 pp. 

Der Meteorsteinfall von Sclavetic in Croatien, am 22 Mai 1868. 
Vorliiuflger Bericht von W. Bitter von Haidiuger, wirklichem Mitgliede 
der K Akadmie der Wissenschaften. 8°. 7 pp. 

ffuntingtion, G. C. — Climatalogy of Kelly's Inland, Ohio. (New8pi^)ei 
Blip.) 

Report of proceedings of Lake Shore Grape Growers Association, 

containing address by George C. Huntingdon on " Gmpe rot aad Uie 
weather." (Newspaper slip.) 

Ingram., Dr. J. — Record of periodical phenomena at Vineland, New 
Jersey, during the year 1868. 

Jeanea, J. W. — Summary of meteorological observations during the 
year 1869 at Riley, McHenry County, Illinois. Also summary from 
1861 to 1868 inclusive, and for each month of 1869. , 

Jones, Benjamin W. — Synopsis of meteorological observations made 
daring tbe winter of 1868 and 1869 at OottAge Home, Sony Coonty, 
Virainia. 

Kaiaerliche Academic der Wisaeneh^ten, TTto*.— Die Tempittator-Ter- 
htiltnisse der Jahre 1848-'63, an den Stationen des dsterreichisobeu Be- 
obachtungsnetzes, dureb iiinfUigige Mittel dargestellt, voq Dr. C. Jeli- 
nek. 40. 146 pp., 2 Tafeln. Wien, 1869. 

— Brster Bericht dnrstiindigeu Commission fdr die Adria. 8P. 122 pp. 
Wien, 1869. 

Kongliga Svenaka Vttenthipa Aoademien, jStodAoIiH.— Meteoroli^pAa 
lakttagelser i Sverige. 1864, Sjette Eandet. Obi. 4°. 192 pp. 1866, 
Sjunde Bandet. Obi. 4°. 186 t^ 1866, Atttmde Baadet, OU. 4in. 
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Kauertich-Konigtische Central Anstalf far Meteoroloffie und Erdmaffnet- 
inn.— JahrbUelier von Dr. C. Jelinek. Neue Folge, iv Bxud. JoJir- 
gang, 1867. 40. 227 pp. Wien, 1869. 

KaUerlick-KiHiigliche Stemtcarte, Vienna. — Anleitnng ziir Anstellnng 
metcorologiscber BeoliachtuDgen and Sainmlang von Hilfstateln, mit 
besonderer Backsicht auf die inet«oro!ogischen Statiouen in Oester- 
reich und Ungara. Von Dr. Carl Jelinek. 8°. 173 pp. 

— Normale funftiigige Warmemittei fiir 88 Stationon, bezogen auf 
den 20-jfthrigen Zeitruam 1848-'C7. Von Dr. Carl Jelinek. 80. 43 pp. 

— Beohachtungen an der K. K. Centralaustalt fur Meteorologie nnd 
Erdmagnetismus. 8°. 64 pp. 

LapKam, Dr, I. A. — Atmospheric tide at Milwaukee, dedneed from 
hourly observations at the time of new moon in October, November, 
and December 1868, and January and Febmary 1869. 

— Dates of opening and closing of the Milwaukee River from 1836 to 
1869, inclusive. 

LuU, James S. — Meteorological registers for 1860 to 1869, (portion lA 
previous record interrupted by the war j) also, a table of rainfoll from the 
1st of May, 1853, until January 1, 1870. 

Loekr, Ckarlea H., United Statis cottsttl, La Ouayra, Ecuador. — Statis- 
tics from the United States consulate at La Gnayra, South America^ in- 
cloding particulars in rettrence to earthqnakes, meteorology, &c, 

Mapet, H. E. — Manuscript reports of the weather at various points 
in Kalamazoo and Allegan counties, Micbigan, during each month of 
the year 1859. 

McAutay, John P. — ^Thermometrical reconl kept at the Louisiana 
State Seminary, Alexandria, Jjonisiana, daring the months of Uct«il>cr, 
November, and December 1868, and January, Febmary and Slarch 1869. 

MeCallf 0. — ^Monthly reports on the weather at Cathlauiet, Waukia- 
• kum County, Washington Territory. 

iferriam, V. C. — Manuscript meteorological report for January and 
Frf>raary 1869, at Leyden, Lewis County, New Tork. 

Merrtam, C. L., Leyden, Seic York. — Newspaper slips containing re- 
marks on the weather. Monthly. 

Meteorological Observatory, Bri.ibane, Queensland, AiuitraUa. — Published 
meteorological report for April 1869. 

Meteorological Office, London. — Charts of the surface temperature of 
the South Atlantic Ocean in each month of the year. Folio. 27 pp., 12 
charts. London, 1869. 

— Keport on the meteorology of the North Atlantic, between the paral- 
lels of 40° and 60°, as illustrated by eight diagrams of observations taken 
on board of the mail steamers running to and from America, with re- 
masks on the difference of the winds, &c. By Captain H. Toynbee, 
F. R. A. 8. 8°. 8 charts. London, 1869. 

— Report of the meteorological committee of the Royal Society for the 
year ending December 31, 18(>C. 8^^. 7U pp. London, 1869. 

Meteorological Society, London. — Proceedings isSued monthly. 8vo. 

— Meteorology of England for the quarter ending September 30, 1868. 
By James Glaisher, president Meteorological Society. 

Montrose Jfaturai History and Antiquarian Society, Montrose, Scot- 
land. — Be|H>rt of the directors for 1868, containing a meteorological 
register for the year. 

Moss, G. B.— Nummary of meteorological observations at Belvidere, 
Illinois, during the year 1869. 

Miikry, Dr. Adolf. — Untersuchungen iiber die Theorie and das allge- 
meine geographische System der Winde. S'^. 254 pp. Gottingen, 1869. 
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Naturaliate Canadian. — CoDtaiaing meteorological obserrations at Port 
Neuf and Montreal. 

Natutforschende Geselhchaft, Basel. — Verhandlungen der Naturfor- 
aobende'a Gesellschaft in Basel, 1869. ContiiiDing: Bcrlclit iibcreiDige 
Blitzschlage. Von Ed. Hagenbach. 

Xatur/orschsr Verein zu Riga. — Correspondenzblatt, 16"^ Jakrgang, 
1869. Containing meteorological observations at Riga, from 3eptemb^ 
18C7 to July 1868, (new style,} inclusive. 

yaturwissenachaftlicbe Oesells^a/t, St. OalUn. — ^Bericht iiber die 
Tbiitiglieit der St. Gallesclien Katurwissenscbaftllichen Gesellschaft 
Wtthrend des Vereinsjahres, 1867-'68. Ooatainiag: Einige' Erfabrun- 
gen iiber klimatische Kuren und Kurorte. Von Dr. W. 8teinlin. 

Nelson, 8, Augustus, (teorgetown, Massackusetts. — Newspaper accounts 
of tbe great storms of September and October, in Kew England. 

(^servatmre Imperial de Paris, — Atlds des monvements gdn^ranx de 
I'atmospfehre. Ann^e 1865 ; Janvier, F^vrier, Mars. OlH. folio. 90 
charts. Atlas m^t^orologiqiie, 1867. 

Obsematoire Royal de Bmxellea. — Anoales m^t^orologiqnes. Brux- 
elles, 1868. 4o. 104 pp. 

OsserpaUyrio del Real Collegio Carlo Alberto in Moncalieri. — Bolletino 
meteorologico del Osservatorio del Eeal CoUigea Carlo Alberto in Mon- 
calieri, con corrispondenza del Osservatorio del Seminario di Ale«8san- 
dria. Vols, i, ii, iii, (1865-'66-'67-'68,) 4°. Vol. i, 120 pp. ; Vol. ii, 112 
pp. ; Vol. iii, 104 pp, 

Paine, R. T. — Meteorological report for October, at Boston, Massacfau- 
serts, Newark, New Jersey, and St, Paul, Minnesota. (Newspaper slip.) 

Parker, J. D., Steuben, Maine. — Newepajwr accounts of the great 
atorma of September and October, 1869. in Maine. 

Printed abstract of meteorological register for 1860, at Portland, 
Maine, by Henry Willis. Also newspaper slips for several months ot 
1859 and 1861. 

Pearee, T. — Weather record for September, 1869, at Ela, Polk County, 
Georgia. 

Petlerson, P., hospital atettard, United States Army. — Table of mean 
temperature, humidity, and rainfall, at San Antonio, Texas, during the 
years 1868 and 1869. 

Plantamour, E.—B6sam6 m^t^rologiqne de I'ann^e 1866, pour 
Geneve et le Grand St. Bernard ; par E Plantamour. Tir^ des Archives 
des Sciences de la Biblitioth^que (Jniverselle, Geneve, September 1869, 
80, 232 pp. 

— B^sum^ m«St6orologiqne do I'ann^ 1867, pour Genfeve et le Grand 
St. Bernard. Octobre 1868. 80. 132 pp. 

Real Osservatorio di Modena. — Sui coefficienti ozonometrici, ^ell' 
umidita e della temperatura, nota del Prof. D. Bagona. 8°. 10 pp. 

— Salle oscillazioni regolari ed irregolari della temperatura, dal Prof. 
D. Ragona. 8°. 12 pp. 

— Biduzione della pressione atmosferica al medio-livello del mare, per 
gli stazioni meteorologiche italiane, del Prof. D, Bagona. 8°. 8 pp. 

— Sulle variazioni diume della temperatura e sal coeiBciente di Eaemtz 
in Palermo. Lettera al cliiar. Signor A. Quetelet, direttore del Beal 
Osservatorio di Brnssselles, del Prof. D. Ragona, direttore del Eeal Os- 
servatorio di Palermo. Palermo, 1859. 8°. 54 jip. 

— Osservazioni su la evaporazione, del Prof. 1>. Bagona. 4<*. 8 pp. 

— Biassunta delle ossorvazioni meteorologicbe, esegnite nel Real Os- 
servatorio di Modena nell auuo 1866, dal Profl D. Eagooa, direttore dell 
osservatorio. Stessa. 4°. 7 pp. 
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— Sal calcolo dei valori medii in meteorologia, nota del Prof. O. Bagona, 
direttore dell Real Osservatorio di Modena. 4°. 2 pp. 

— Deecrizione del barometro regUtratore del Real Osservatorio di Mo- 
dena, del Prof. I). Ragona. 4°. 8 pp. 

— Sulle variazione periodicie del barometro nel clima di Milauo, me- 
moria di G. V. Scbiaparelli e 0. Ccloria. 4P. 31 pp. Tuv. iii. 

Etal Osiervatorio di Palermo. — Giornale Astroiiouiico e Meteorolo- 
g^co, pubbl. dal Prof. D. Bagona. Vol. i, Palermo, 185D. 4<^, 375 pp., 
VoL ii, Palermo, 1857. 4°. 301 pp^ (tbiee volomea in one.) VoL iii, 
Palermo, 1859. 40. 375 pp. 

Bi^io Osservatorio Hell Vnicersita di Torino. — Bolletino meteoiologioo 
ed aatronoiuico. Auno ii, ISOS. Obloug i°. 7fi pp. 

Bocke, £douard. — Kecltercheii aur les affuscations du soliel et les m^- 
teioroscos mlqiics. Paria, 18(JS. 4°. 80 pp. 

Soyal Obaervalory, QreemDick, — Besultsof magneticalandmeteorolog- 
ical observationa, 186fi. 40. 303 pp. 

San/ord, Pro/eaaor S. P.— Meterological registers for 1866-'67-'68, at 
Peofletd, Georgia. 

Sartorivs, Dr. G. — Survey of meteorological obsen'ations at Mirador, 
Mexico, daring the year 1868. 

Sawryer, R., United States consul. — ^T^ewspaper slips contaiuin^ meteo- 
rological observations at Paramaribo, Dutcb Guiaua, for the flmt half 
of the year 18C9, (Jauuary to June, iuclusive.) 

SchiceLieruicfie Naturforschende Oesellschaft, Bern. — Schweizerischo 
neteorologiscbe Beobacbtungen. 5*" Jahrgang, 1868. 4°. 22pp, pi. 2. 
(Also September, November, December, 18C8. 4°. pp. 47(Mi22.) 

Scottish Meteorological Society. — Journal for tbe half year ending Juno 
30, 1868. Large 8°. 47 pp. Jonrnal for the half year ending January, 
1869, with tables for the quarter ending September, 18GS. 8^. pp. 31. 

Shiepherd, Smiley. — Monthly means, &g., of temperature at Hennepin, 
Illinois, for 1869. 

Sis»on, R. — Mean temperature of twenty monthn, commencing April, 
1S68, at Factoryvilte, Pennsylvania, with comparisons of the montb of 
November with former years. 

Smith, G., hospital stetcard. United States Army. — Meteorological reg- 
isters for the months of July and August, 18G9, at Camp Bate Creek, 
Arizona Territory. 

Show, Edufin M., M. D. — Fifteenth registration report. State of Rhode 
Island, 1867, (containing meteorologies btbles, and remarks by E. T. 
Caswell.) 

8oci4t4 d^ Agriculture, Sciences, Arts et Belles-Lettres du' Depart^ment 
d^Indre-et- Loire. — Annales. Conteining: OL)servationa m^teorologiqnes 
faites i^ Tours, par M. de Tastes. 

Socidli d' Agriculture, Sciences et Arts de la iSar(%«.— Bulletin. US'™ 
s^rie, tome xi, 18G7-'68. Containing: Observations met^orologiques 
faitea & Mans, par M. BoHbomet. 

SqcOU (P Horticulture dePAllier, ifoulins, France. — Annales. Contain- 
ing meteorological observations by M. Doumet, at Baleiue, Allier, for 
Ik series of years, (1855-'G6.) 

Soeiete Met^rologique de France. — Annnaire de la Soci^te M^t^rolo- 
^qnede France. TomeS"", 1869, tableaux m^t^orologigues, feuilles 7-11, 
80. 39 pp. Tome &"', 1863, feuilleg 1-5. Bulletin des sceances. 8^. 
40 pp. Tableaux m^t^rologiques. 8'^. 40 pp. Nonvelles m^t^oro- 
logiques. Pamphlet. Large 8°. 30 pp. 

StatUeyf J. u. S. — Monthly reports of the weather (mss.) at Houston, 
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Stewart, W. M, — ^Diagram of the annual qaantity of rain Mien nt 
Glenwood, Tennessee, irom observations made during the years from 
1851 to 1868, inclusive. (The same that is reterred to on page 623 of 
Professor Safford's report on the geology of Tennessee.) 

Thomas, Eev. 0. — Copy of monthly aggregates from the rain register 
kept at Fort Garland, Colorado Territory, from April 1853 to Septem- 
ber, 1869, inclusive. 

TutwiUr, H. — Account of a mfct«orite observed near Frankfort, Ala- 
bama. (Newspaper slip.) 

United States comulate, Valencia, Spain. — Newspaper slips with me- 
teorological recorda made at the Meteorological Observatory of the Uni- 
versity of Valencia. 

Vacker, Dr. — Carte repr^sentant la mortality et I'^tat ni4t^rologique 
de Paris en 1865. 

Verein der FVeundederWaturgesckichtein Mecklenburg, GiUtrow. — Arch- 
ive, 22" Jahre, 1869. Containing Uebcrsecht dcr aus den meteorolo- 
giachen Beobaehtuugen za Hinrichhagen im Jabre 1867 gefundenen Mit- 
tel, (20 Jahre.) 

Vtnal, W. I. — Weather record at Vinal Haven, Maine, during a por- 
tion of October, 1869. 

Warren, W. J. — Record of the weather at Ohilakweynk Depot, North- 
west Boundary Commission, from December 29, 1658, to April 24, 1859. 

Whitakcr, B. — Newspaper slips containing accounts of the weather at 
Warsaw, Illinois. 

White, Captain A. T., United States revemte marine. — Meteorolopcal 
register kept on board of the United States revenue steamer Wayanda, 
cruising on the coast of Alaska from May 13 tc Octoljer 14, 1868. 

Williama, Eev. E. 6. — Hourly thermometrical and barometrical obser- 
vations at Waterbury, Connecticut, and Castleton, Vermont, (in addi- 
tion to regular observations on Smithsonian blanks.) 

Zeledon, Josi. — Observacionew meteorologicas liecbas en la cindad de 
San Jos6 durante el primer semestre de 1868. Oflcina Central de Esta- 
distica^ San Jos^. 

Observaciones meteorologicas hechas en )a cindad de Heredia (Costa 
Bica, SeOor Bohrmoser) durante el aQo de 1868. 
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REPORT OF THE EXECUTIVE COMMITTEE. 



Washington, D. C, Febrvary 1, 1870. 

The Executive Committee of the SmithBooian iDBtitotion respectfully 
snbmits the following statement of the financial condition of Smitbson's 
tmat fund, and the application of the income for the year ending Slat 
December, 18C9, *tith estimates of receipts and proposed appropriations 
for 1870: 

Thebeqnestof SmithsoniiL thflUnitedStatestreasnryis.. $541,379 03 
The JKef^nts have added to this iovestment from savings, 

&c 108, 020 37 

Making the Smithson fund in the U. S. Treaaory, as a per- 
petual loan, at per cent., on the Ist January, 1870 6 jO, 000 00 

And InYiTginiaStateC percentregisteredstock. $53,500 
Witii unpaid interest to January, 1867 19, 200 

$72, 760 
The value of wbicb, at the present time, may be estimated 
at 68 per cent 42, 200 80 

Total invested capital 092, 200 80 

And a cash balance in bank of 20, 969 6S 

I3in5 making Smitbson's Tmst Fund, on tbe Ist January, 
1870 713,170 45 



BEOEIPTS IN 1869. 

Interest fix>m the Treasurer of the United States, on 
$650,000, at 6 per cent., for the year ending 31st Decem- 

berj 1869 $39, 000 00 

Premium on sale of gold, at 34f and 19| per cent preminm . 10, 515 20 . 

Sales of pnblicationa 235 58 

Sales of old and useless material 232 07 

Bepaymeut of expenses of explorations and collections. . . 732 15 

Bepaymentforireightsonliteraryandscientificeschanges. 517 66 

Total income for the year 1869 61, 232 66 

Cash balance in bank, January, 1869 10, 362 74 

Amount available in 1869 $01, 685 30 

In addition to this sum, tbe Institution received fit>m and accounted 
for to the Department of the Interior the sum of $4,000, appropriated 
by Congress for the preservation and care of the property in the mu- 
SMun, collected by Qoyemmept exploring expeditions. / ~ i 
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Statement in detail of expenditures during the year 1869. 

BCILDraG. 
For reconstruction of parts of bnilding destroyed 

by fire «1, 764 70 

For general repairs of tho bailding 2, 315 25 

For famiture and fixtures, cases, carpets, stoves, 

&c 2, 520 95 

. — $6,030 90 

GENEBAI. EXFEHSES. 

For meetings of the Board of Regents 8122 00 

For lighting the building 239 13 

For wanniug the building 1,389 77 

For postage 289 50 

For statiooery 437 18 

For printing blanks, circulars, receipts, &c 322 25 

For tools, materials for cleaning and iocidentals. 328 89 
For salaries of secretary, chief clerk, and assist- . 
ants 7,8U 92 

10, 943 64 

PUBLIOATIOIKS AND EESEASCHES. 

Forpablishiog Smithsonian contribntioDS,4to.. $1,087 18 
For publisliing miscellaneous collections, 8vo, , 3, 037 50 

For publishing Smithsomau report*, 8to 1, 458 65 

Fo» meteorology, salaries of clerks and comput- 
ers, rain gaugca, and thermometers ' 1, 581 10 

For apparatus for researches :, 146 80 

For explorations, natural history, and archaeol- 
ogy in Mexico, Florida, Alaska, Kew Mexico, 
Hudson's Bay, Alabama, and 'Sov& Scotia. . . 611 54 

8,822 07 

LIDBABT, MUSEUM, AJm EXOHAJfOES. 

For purchase of books, periodicals, and binding. $436 04 

For literary aud scientific exchanges, agencies 
at Leipsic, London, Paris, aod Amsterdam. . 4, 860 94 

For assistants in museum, janitor, vatchmen, 
laborers, &c 5,307 50 

For incidentals to museum, freight, ^cohol, tax- 
idermy, &c 3, 513 96 

For gallery of art: Portrait in oil of the late Dr. 
Etobert Hare, who gave hia collection of chem- ^ 

ical and pliilosophical apparatus to the Insti- \ 

tation 100 00 

14,218 44 

Expenditures duriug the year 1869 40, 615 05 

Deducting this amount from the receipts of the 
year and cash in bank in January, 1869, viz : 
receipts $61, 586 30 

Leaves a balance in bank, Janaary, 1870 $20, 069 65 
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ESTIMATES Aim APPBOPBIATIONS FOB 1870. 

SeceiptB. 

Interest on tbe Smithsou Fond in tiie treasury of tbe 
UDited States, $6SO,000, payable 1st July, 1870, aod 1st 

January, 1871, at 6 per cent, gold $39,000 00 

Probable premium on sale of coin, at 18 per cent 7, 020 00 

Interest on Virginia per cent, stock, IStiO, 2 per cent 1, 454 00 

Interest on Virginia 6 per cent, stock, 1870, 2 per cent 1, 454 00 

Sales of useless property, &c 000 00 

Income for the year 1870 49, 428 00 

APFBOPBIATIONS FOB THE TBAB 1870. 

For general expenses $12,000 00 

For publications and resewcbea 15, 000 00 

For museum and collections, not including tbe 
apropriation by Oongreaa for care and pre- 
servadou of the Wilkes and other explor- 
ing expeditions 6, 000 00 

For literary and scientific exchanges 5, 000 00 

For boildiug and contingencies 6, 000 00 

43,000 00 

EiAJOHATION OP ACC0UHT3. 

The committee examined 497 receipted vouchers for payments made 
during the four quarters of the year 1869. In every case the approval of 
Hie secretary of the Institution is given on the face of each voucher, 
and the certificate of an authorized agent of the Institution is appended 
to each voneher, setting forth that tbe materials and property and ser- 
vices rendered were for tbe Institution imd applied to the purposes 
stated in the account. 

The quarterly accounts-current, bank book, check book, and ledger 
vere also examined, and showed that the payments were made in con- 
formity with the regulations prescribed by the Regents, and that the 
cash balance stated in the accounts current for each quarter was in 
deposit to the credit of the Institntion in the authorized depository, 
^ter all the quarterly accounts charged in the abstracts were paid. 

In conclusion, the committee finds that all the expenses of the Insti- 
tution have been paid in full to the end of the year, leaving a cash 
balance in bank on the 1st January, 1870, of $20,969 65. 

All of which is respectftally submitted, by — 

KIOHAHD DELAFIELD, 
PETER PAItKER, 
JOHN MACLEAN, 

Sxecutive Committee. 
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JOUESAL OF PEOCEEDISGS 

OF 

THE BOARD OF REGENTS 

OF TtiE 

SMITHSONIAN INSTITUTION. 



Washington, D. C:, f^bruary 3, 1870. 

A meeting of tto Board of Begents of the Smitlisonian IiistitatioQ 
was held on Thursday, February 3, 1870, at 7 o'clock p. m., at the Insti- 
tutioo. 

Present: Chief Justice Chase, Chancellor of the Institution, Messrs. 
Hamlin, Tmmbull, Poland, Cos, Maclean, Delafleld, Parker, and the 
secretary. 

The minutes of the last meeting were read and adopted. 

Professor Ilenrj, the secretary, announced that Hon. Hannibal Ham- 
lin, of the Senate, had been appointed a Regent, vice Mr. Feasenden, 
deceased ; that Hon. James A. Garfield and L. P. Poland had been 
reappointed from the House of Itepresentatives; and that Hon. S. S. 
Cox had been appointed, vice Mr. Pruyn, whose term had expired. 

The secretary announced the death of Charles Armistead Alexander, 
esq., a valued collaborator of the Institution, whose series of spirited 
translations of the eulogies of eminent men, delivered before foreign 
academies, have added much value to the annual reports of this estab- 
lishment, and have been received in several cases with much commen- 
dation by the original authors. 

On motion of Dr. Maclean, it was 

Resolved, That the Kegents of the Smithsonian Institution recognize, 
in the death of Charles A. Alexander, esq., the loss of a valued collabo- 
rator, and that they sympathize with hia friends and relatives in the 
bereavement to which they are subjected. 

The secretary presented a general statement of the financial condition 
of the Institution. 

General Delafield presented the annual report of the Executive Com- 
mittee relative to the receipts and expenditures during the year 1869, 
and the estimates tor the year 1870, which was read and accepted. 

On motion of Dr. Maclean the secretary was directed to have an in- 
surance effected on the east wing and mnge of the Smithsonian building 
to such amount as he may think necessary. 

The secretary presented the eulogy on the late Professor A. D. Bache, 
which was received and ordered to be printed in the annual report. 

General Delafield, for the Executive Committee, repoi-ted that they 
were still collecting fiicts and statistics relative to the city canal, aud 
would hereafter present a further report. 

The secretary stated that it was his painful duty to anuounce that 
since the last meeting of the Board the death had occurred of one of its 
most distinguished members — ^thc Hon. William Pitt Feasenden. 



Digitized by Google 



PB0CEEDIK08 OF THE BOABD OF BEOENTa 89 

Appropriate remnrlcs were then mnde relative to tbe serrioes, charac- 
ter, and vtrtaes of the deceased, by Messrs. Trumbull, Hamliu, Parker, 
and the Chancellor, Chief Justice Chase. 
On motion of Mr. Trumbull the following resolutions were adopted : 
Reaolred, That the Board of Itegents of the Smithsonian Institution 
deeply moarn the loss of their distinguished feUow-regeut, William Pitt 



Reaolned, That in the death of Mr. Fessenden our country has lost a 
refined and influential citizen, the Senate of the United States an able, 
judicious, honest statesman, and this Institution an active, intelligent, 
anii learned Regent 

Resolved, That we Bincerely condole with the afflicted family of Mr. 
Fessenden, and offer to them our heartfelt sympathy in theii great 
bereavement. 

Retolred, That a copy of these resolutions be commnnicated by tbe 
Secretary of the Smithsonian Institution to the family of the deceased. 

BesoUed, That Chief Justice Chase be requested to prepare a eulogy 
on Mr, FcRseudeu, for insertion in the journal of the Board of Regents. 

General Belafield in behalf of the Executive Committee, stated that 
they deemed it highly important for the interests of the Institution in 
the promotion of science, and duo to the secretary for his long and 
devoted services, that he should ^isit Europe to consult with tbe savans 
uid societies of Great Britain and the continent, and he therefore hoped 
that a leave of absence would be granted to Professor Henry for several 
months, and tbat an allowance be made for his expenses. 

On motion of Dr. Slaclean, it was unanimously — 

Besolved, That Professor Heniy, Secretary of the Institution, be 
authorized to visit Europe in behalf of ttto interests of tbe Smithsonian 
Institution, and that be be granted from three to six months leave of 
absence, and two thousand dollars for traveling expenses for this 
pmpose. 

Judge Poland moved, that in consideration of the extra services which 
bad been ren4pi'^ by I^Ir. Rhees, chief clerk, since the death of Mr. 
Randolph, bookkeeper of the Institution, in auditing aud keeping tbe 
accounts for the last three years, he be allowed $350, in addition to 82oU 
already received, or $200 per year. 

This proposition was advocated by the secretary, who considered it 
jnat not only in regard tu the particular services in question, but also 
for his efflciency in the conduct of the general business of the 
establisbmcDt. 

The motion was agreed to. 

Aiyoumed to meet on tbe 10th instant, at 7 o'clock. 



Washington, D. C, February 10, 1870, 

A meeting of tbe Board of Regents of the Smithsonian lustitntioo 
was held ou Thursday, February 10, 1870, at 7 o'clock p. m., at tbe 
institution. 

Present, Messrs. Chase, Trumbull, Hamlin, Davis, Garfield, Poland, 
Delafleld, Parker, Bowen, aud tbe Secretary. 

The Chancellor took tbe chair. 

Tbe minutes were read and approved. 

Professor Henry presented his annual report, which was accepted. 

On motion of General GarHeld, it was — 

Betolted, That the Executive Committee and tbe secretary be directed 
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to prepare a detailed statement of all the money expended on the 
musenm daring the past year, distinguishing between the items directly 
and exdusively chargeable to the care of the collections of the Govern- 
ment, and those of a contingent or indirect character. 

Mr. Hamlin presented the following, which were adopted : 

Haring learned that the chief clerk of this Institution, Mr. William 
J. Rbces, is about to resign the oflBce he has filled for seventeen years, 
to engage in an active business enterprise — 

Beaolved, That the Board of fiegeuta highly appreciate his worth as a 
man, and his services as an officer of this Institution. 

Beaolved, That while they regret his resignation of an office which be 
has filled with honor to hiiaself and advantage to the Institution, they 
hope that he may be equally successful in the career oh which he is 
about to enter, and that a copy of these resolutions be presented to him 
by the secretary. 

The Board then a4J0Dme<l to meet at the call of the secretary. 

[Note. — After this meeting the annual report was submitted to Con- 
gress and ordered to be printed ; therefore, the subsequent proceeding 
of the Board for the session of the beginning of 1870 will be found m 
the nest annnal report. — J. H.] 
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The object of this appendix is to iUostrate the operations of the In- 
stitution by reports of lectures and extracts from correspondence, as 
well as to famish ioformatiou of a character suited especially to the 
meteorological observers and other persons interested in the promo- 
tion of knowledge. 
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KEPLER: HIS LIFE AND WORKS. 



By M. Bbrtband, Uemier of the FVnuA Acaitmy of Sdea 



[Ihui4lattdfartheSmilluonia* IntUhttion ig C. A. Ataeandtr.'J 

Tbe bigbest laws of the physical world bave been established by 
geometers ; the byiwtheseB on which those laws rest acquire real import- 
ance only after baviog been submitted to their decision : and yet the 
progress of natural philosophy would bave been impossiblA if the great 
m^i to whom they are due, imbued only with a geometrical spirit, bad 
regarded only its inflexible rigor. 

Let us imagine a geometer initiated in tbe most elevated theories of 
abstract science. I speak not merely of a disciple of Euclid and Archi- 
medes, but an intelligent reader of Jacobi aad of Abel ; and let us suppose 
that, while a stranger to every idea of astronomy, he should undertake 
M penetrate by his own independent efforts the general structure of the 
universe and the arrangement of its parts. Let us place him, moreover, 
in the most favorable conditions ; let us admit that, free in spirit as Co- 
peiiiicus, be reposes not in the deceptive representations of the senses 
■hicb, veiling from us tbe movements of the earth, have caused its 
immobility to be so long legarded as an axiom : what impossibilities 
will present themselves to bis imagination I Borne along by an un- 
known movement, perceiving no fixed direction, no stable basis on 
which to rely for the determination of distances, be finds himself with- 
out data for tbe solutiou of tbe problem. Our geometer will attain, 
perhaps, to a conception of our own incommensurable littleness ; but, 
perceiving no certain route, be will stop short by asserting in the name 
of a science which he believes infallible, because it leaves nothiug to 
hazard, that, whatever tbe genius of mau and the resources with which 
ait may endow bis organs, our path through space is to him as nndis- 
co^erable as would be that of a grain of dust borne ou the wind to tbe 
animalcules which inhabit it. 

Happily Pascal has gone too far in asserting that what tmnscends 
geometry lies beyond our reach. This discouraging appreciation takes 
no account of a seutiment implanted in the depths of the human soul ; 
a sentiment which sustained Copernicus after having inspired Pytha- 
goras. Outside of all demonstration, in effect man believes in the har- 
ffiouy of the universeaudthe simplicity of its mechanism; and, although 
imagination stands in strong contrast to geometry, tbe history of as- 
tronomy presents them to us united in a strict alliance ; the former sus- 
tained by well-regulated reason, in somesortoutstrippiugtmth iu order 
to reveal, as if by intuition, the beauty and general order of the system 
of worlds ; the latter exerting its powers to test tbe true and the false, 
and by separating one from the other, finally to arrive at certainty. 

Tbe situation of the astronomer who seeks to divine the symmetrical 
and regular order of the celestial bodies, presents a certain degree of an- 
al(^- with that of the philologist who, with unknown characters before 

'yUaniTa de rAcaddmie de ScieRcet de ViMtilut Imnerial de France, t. xuv, 1666. 
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bim, strives to reconstruct the wonls and ideas wbicli tliof express. For 
tlie' philologist as for tbe astronomer the problem is indeterminate, and 
it migbt be assumed that its solution is arbitrary; what assttraiiL-e is 
tbere in I'act that those strange figure^ are not simply decorative 
designs, capriciously traced nitbont order and without object T And 
if they have in reality a meaning, no train of rigorous deductions 
can reveal it by leading us from the known to the unknown through a 
logical and sure chain of reasoning. It is necessary in such an inquiry 
to proceed tentsitively, to accept conjectures founded on fugitive aud 
remote analogies, to establish systems which the further stndy of facts 
will often overthrow, to frame byiNJtheses which will presently be re- 
jected, but which will bo patiently replaced by others, and to do this 
without discouragement, because the true solution, we may be certain in 
advance, will, when once detected and in whatsoever manner obbuued, 
offer such a character of certainty that no farther place will be Irft for 
doubt. The same is the case with the true astronomical systems ; it is 
impossible to establish it by a series of rigorous dednctioue, and 
successively to demonstrate its different parts according to tbn method 
of the geometers. But, when a man of genius shall have divined, in 
whatever way it may be, tbe principles which reconcile tbe uniform and 
simple reality with the complex and variable appearances, judioions 
minds will at once recognize the truth of the hypothesis, without somti- 
nizing tbe means which have led to it, and without waiting for the 
solid and luminous proofs which, accumnlating ftx>m age to age, will at 
length convert the most refractory by enlightening even .the blindest. 
It is not my purpose to retraccj here, the history of the eflbrts succes- 
sively made in this direction, which would be the historj' of aatronomy. 
From among the great men who, withdrawing the veils which bide it, 
have by degrees revealed the universe in its " ftiU and sublime majesty," 
I have simply selected, in order to sketch the part wluoh he performed, 
the most intrepid, persevering, and inspii-ed of them all ; by these terms 
I designate Kepler. 

John Kepler was bom at Weil, in Wihrtemberg, 27th of December, 
1571, twenty-eight years after the death of Copernicus. Hlsfatfan', 
Henry Kepler, who belonged to the noble family of Keppel, was not 
worthy of such a son ; be several times abandoned bis wife, who herself 
was of evil reputation, and scarcely gave any attention to his four 
children. The early education of John was, therefore, mnch neglected ; 
his mother, who could not read, sent him, it is tnie, to school, but kept 
him at home whenever his services could bo turned to account in tlie 
inn, which reverse of fortune had reduced her to the necessity of ket^- 
ing. The boy's weak constitution, fortunately, rendered him but little 
fit for such employments, and it was decided that he shonld study theol- 
ogy. At the age of thirteen he was gratuitously admitted into the 
Protestant seminary of Maulbroun ; a favor easily obtained, for instruc- 
tion was at that time propagated throughont Protestant Germany with 
a zeal equally liberal and enlightened. " It is the head and not the arm 
which governs the world," said the rector of the University of Maul- 
bronn, in 1578; " there is need, then, of educated men, and such f^it 
does not grow upon trees." 

From Maulbroun, Kepler, who advanced rapidlyinbis studies, passed 
to tbe seminarj- of Tiibingen, where he applied himself to theology, but 
without giving to it his whole attention. Ho here composed some Latin 
verses on the ubiquity of the body of Christ, the elegant precision of 
which attracted the admiration of the secretary of the national depa- 
ties. Yet, when he quitted, at tbe agd of twentv-two, the school of Ttl- 
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biniren, be was not thongliC qualified to labor for the advaocement of 
tbeaburcb, aiid,furnUb^only witl^adatteriug attestation of eloquence 
and capacity, be waa named professor of matbetnatics and inoraU in the 
(xdlege of Gratz, in Styria. ' 

Tbe Arcbdiike Cbiirlesj of Anstria, wbo tben governed Styria, pro- 
fessed tbe Gatbolic reUgion ; but, what waa very rare and little to be 
expected at tbat epoch, he extended to heretics an absolute tolerance ; 
so tbat ttie Proteatants, wbo then constituted a majority of the rich and 
eolighteued classes, enjoyed full liberty to call to their serv'ice for all 
offices such of their co-religionists as had been instructed elsewhere. 
Hence it was, tbat Kepler received an invitatiou to Gratz. Instraction 
in aatronomy being one of his duties, be waa charged with the compila- 
tioD of an almanac, and it was but natural that in a Catholic country, 
be sbould adopt the Gregorian reform wUicb the Protestants obstinately 
rejected ; cboosing much rather, as was said, to be at variance with the 
SUD than in accordance with the Pope. Kepler, wbo never consented under 
the most difficult circumstances to compound for the tree expression of his 
religious sentiments, separated, on this occasion, from his co-religion- 
iste ; the question, as be jnstly urged, was a purely scientific one. More 
than once in his career did he encounter it, and bis opinion never varied. 
Sixteen years later, in 161^, in order to induce Germany to accept tbe 
new calendar, he composed, at the instance of tbe Emperor Matthias, a 
dialogue between two Catholics, two Protestants, and a mathematician, 
tbe latter of whom enlightens, and finally convinces tbe others; but 
Kepler was not equally successful with tbe Diet, to which tbe qaestion 
was submitted, and, in spite of his efibrts, tbe Gregorian reform was 
postponed till a long time afterward. 

To increase tbe saJe of bis almanacs, Kepler did not shrink from in- 
aerting astrological predictions of political and other events, and, as a 
fefr happened to be realized nearly at tbe time predicted, not a little 
credit accrued to him on tbat account. His biographers have affirmed, 
Iwwever, tbat, superior to the prejudices of his age, he had no faith in 
Astrological divination, but his correspondence shows that at this epoch, 
and even many years afterward, he was persuaded of the influence of 
tiie stara on events of every nature. In one of bis letters he maJtes an 
a|>pUcatio nof his principles to tbe newly-born son of bis master, Moest- 
Uii, and announces that be is thi^atened with a great danger. " I doubt," 
he says, "whether be can sur\'ive it;" and, in fact, tbe child died. Just 
at that time one of his own chililren was also taken away; and wbea, 
oa occasion of this double bereavement, we find him, with expressions 
of affectionate interest for bis master, again speaking of the fears which 
he bad conceived, how is it possible to believe that be was not in earnest! 
Bat bis predictions were not always so exactly fulfilled, and, after being 
ofbea deceived, Kepler became less and less credulous. Thus it fared 
with astrology as with many other errors which entered his mind with- 
out taking root. He said, indeed, that, as the daughter of astronomy, 
aatrology ought to nourish ber mother; and be continued during life 
to make for those who asked it, and for a consideration, predictions and 
horoscoiies conformable to the roles of tbe art. But, so far from abusing 
tbe credulity of his clients, he avowed to tbem tbat, in his opinion, his 
eonclasious should be reganled as uncertain and suspicious; telling 
tlifliu, as Tiresias tells tjlysses, (in Horace :) Quicquid dicam aut ertt aut 
MMi — (What 1 may say will or will not come to pass.) 

The first scientific work of Kepler is entitled Myateriwn cotmographt- 
ctoHf and was composed during the earlier part of his residence at Griitz. 

I nndertake to prove," he says in bis preface, " Qiat God, in creating 
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the nniveree and relating the order of the cosmos, had in view the 
five regular bodies of geometry as known since the days of Pythagoras 
and Plato, and that he has fixed, according to those dimensions, the 
nninber of heavens, their proportions, and the relations of their move- 
ments." 

It is impossible not to be strnck with the confident ardor of the yonng 
author and his enthusiastic admiration for the wisdom which governs 
the world and the majesty of the problems to which his life was to be 
consecraled. " Ilappy the man," says he, "who devotes himself to the 
study of the heavens; he learns to set less value on what the world ad- 
mires the niostj the works of God are for him above all else, and their 
study will furnish him with the purest of enjoyments. Father of the 
world," he adds, "the creature whom Thou hast deigned to raise to the 
intelligent contemplation of Thy glorj' is like the king of a vast empire; 
he is almost comparable to a god, since he has leamed to comprehend 
Thy thonghts." The theory which inspired snch transports is to-day 
disavowed by science. That brilliant edifice was destined to crumble 
away, little by little, for want of sure foundations, and Kepler, at that 
epoch, may be likened, according to Bacon's happy comparison, to the 
lark which soars to the skies, but brings back nothing from her eicur- 
sions. 

He always entertained, however, a great tenderness for this first labor, 
and, although he himself has, in a second edition, pointed out grave 
errors, he insists that no debut in science was ever more happy. Of 
this work little is recollected but some solid and convincing arguments 
in favor of the system of Copernicus. Kepler does not hesitate to cen- 
sure emphatically, in a note, the tribunal which had dared to place in 
the Index of the Lateran the works of the illustrious Pole. " When we 
have used," he say», "the edge of an axe upon iron, it cannot serve af- 
terward even to cut wood." The calculations which he executed on this 
occasion served, so to speak, to clear the field which was to yield him so 
ample a harvest; and the leanied world, not less charmed by the agree- 
able and brilliant form of his exposition than surprised by the novelty 
of his ideas, became attentive to what the young astronomer might in 
future submit to it. 

Having acquired a modest competence by his marriage with the young 
and fair Barbara Muller, already the widow of a first and separate<l 
from a second husband by divorce. Kepler seemed permanently fixed in 
Styria, and devoted himself, amid general applause, to the study of 
the science in which he delighted. His correspondence shows him to 
have been, at this epoch, fully satisfied with bis labors and in the serene 
enjoyment of domestic happiness. This period of sweet tranquillity and 
studious leisure makes its apitearanco in his liiie as a peaceful oasis, 
where he wa.s to repose hut for a short time, and which he was destiue<l 
never to find again. The Archduke (Jharles had as successor his son 
Ferdinand, who, a far better Catholic than he, chose as generalissimo of 
his troops the holy Virgin, and made a vow to extinguish heresy in his 
estates; the most simple means was to drive out the heretics, and it was 
that to which he resorted. Kepler, protected by le:irned Jesuits, who 
knew how to appreciate his merit, was treated with an exceptional in- 
dulgence. After having been forced to quit Gnitz, he was permittetl to 
return on condition of observing due prudence and reserve. This, we 
must conclude, he did not do to a satisfactory degi'ee ; for, shortly aft«r, 
he was banished anew, forty-five days being allowed him to sell or reut 
the lands of his wife. It was of such acts, doubtless, that a celebrated 
historian was thinking when he wrote that, without disturbance and 
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vttiiont cmelty, Ferdinuid succeeded in anp^treesiDgthe Protestant wor- 
sbip ia Styna. 

However this may be, Kepler, tbns deprived of the means of aubsist- 
ence and baaiehed lh>m Btyris, where nuineroos frieiida had surrounded 
him, n^Diaiued unshakeu in his &tith. The Counsellor Herwart in vain 
propoaed to him terms of accommodation ; his integrity coald not be 
made to l>eiid. Kepler, so ingeaiooa iu his researches, was by n9 means 
80 in petering with bis ooQacience. Unable to yield his reason to the 
Catholic creed, he obstinately refused it his hotnage. The reasons on 
Tbiuh he based bis resolution, equally remote from the veakoess which 
beads to persecntion aud the arrogance vhich braves it, are impressed 
with a calm and gentle digtiity : " I am a Christian," he writes to Her- 
wart, "attached to the confession of Augsburg by'a thorough examina- 
tion of the doctrine, not less than by the instruction of my parents. 
That ia my faith ; I have already suffered for it, and I know uot the art 
of dissembliug. Religion is for me a serious affair, which I cannot treat 
with levity." And he eoiitinoed, without losing heart, to find a refuge 
in science, devoting to it his hours of labor, his studious watcbings, the 
ardent yeamiuga of bis enthusiastic intellect. But this could not wholly 
preclude the l)itter thoughts of exile and of poverty; if little concerned 
for himself, he could not help feeling how nearly those afflictions touched 
those who were dear to him. "I entreat you," he writes to Mcestlin, "if 
there is a place vacant at TUbingen, contrive to obtain it for me ; let me 
know," he adds, " the price of bread, of wine, aud the necessaries of life, 
for my wife has uot b^ accustomed to a diet oS beans." It was under 
these trying circsmstances that he received from the celebrated Tycho- 
Brah4, who had become acquainted with hia adversity, a proposition to 
onite with him in the astronomical labors witli which he bad been charged 
by the Emperor Uudolph. Kepler did not hesitate, and repaired with 
bis family to Prague. 

Nothing could have been more fortunate for astronomy than the nnion 
of Kepler with such a man, whose researches, less brilUant perhaps than 
his own, are distjngnished by a laborious precision, which no previons 
astronomer had ever carried to the same degree of perfection. Kepler, 
himself, seems to have foreseen all its advantages when, speaking of the 
obeervationa accumulated by Tycho, he wrote the year previous to 
Hcestlin: "Tycho is loaded with riches which, like most of the rich, he 
makes no ose of." He had i)racticed observation, in effect, for thirty- 
Ave 3'ears, without any preconceived idea, wLile keeping an exact and 
minute register of the phenomena of the heavens. These accumulated 
resnlta, without directly disclosing the truth, were admirably calculated 
to preserve Kepler from error by furnishing a solid point of support to 
the boldness of his inventive genius, and as a limit establishiMlJa ad- 
vance to probibit its excesses. Having soon afterwards liecouie, by. the 
death of Tycho, possessor of the precious materials destined to &rtiliae 
bis ideas, he was not slow in iierceiving that under the confusion, of 
those elements, which he might justly compare to the scattered, leaves 
of the Sibyl, was concealed an eternal and immutable order, andi be 
songht it duriugnine years with the unwearied devotion whicb.trium^is 
over diaconr^gement, and with the energy which assures success^ 

But with a view to proceeding in order, be first directed^his attentiiHi 
to the elimination of a cause of error already indicated by. Tycho, and 
one with which all the astronomical observations are infected: he stad- 
ied the laws of refraction. 

Hipparchns relates that twice in the same day he had observed the 
Sim iu the equator, and consequently two eqolnoxes.. Ecom-this Ptolemy 
7S 
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amply coDclodes that one of tlieee obserratjons is erroneone ; bot tb« 
same siugularity preseated itself on different occasions to Tycbo, who, 
certain of his own skill and of the precision of his instraments, coald 
not admit such an explanation. He pointed out the trne caose in the 
refraction of the lamiaous rays, which, null at the zenith, acquires at 
the horizon itsgreatest value ; consequently, when the snti is, in the morn- 
ing, a little below the equator, the refraction, by elevating ita rays, may 
produce the impression of the observation of the equinox. Some honrs 
later, when the sun is nearing the zenith, the refraction is less, and this 
cause of depression, compensating for the distance wbich the snn has 
traversed in its orbit, may cause it to be observed anew in the equator. 

Pliny cites another cootradiction not less palpable, which, while 
equally showing the importance of the phenomenon oCrefractioa, sboaUI 
have led the ancient astrouomcrs to make it the subject of their study. 
"An eclipse of the moon," he says, "has been observed at the moment 
when the snn was still visible above the horizon." The moon conse- 
quently tlisappeared although the right line which joins its center with 
that of the sun appeared not to encounter the earth. The fact is acoD- 
Btaut one ; it was observed particularly by ^Icesttin and by Tycho ; yet 
there is evidently a necessity thattheearth, iuorderto eclipse the moon 
by its shadow, must be placed in a right line between the moon and sun. 
It is undeniable, therefore, that the three bodies are really in a right 
line at the moment of the eclipse, and the phei^omenon must be ex- 
plained by the refraction which brings the two luminaries into an appar- 
ently simultaneous opposition above the horizon. It will be seen from 
these instances how important it is that this cause of error should be 
taken into account in the discussion of observations. The Arabian as- 
tronomer Alhazen and the Poloiiese Vitellion were the first to call at- 
tention to this point, aodTycho, who thoroughly felt it« importauce, gave 
still later a table of refractions relative to different inclinations. 

The difficulty of such an investigation is readily perceived, not to 
say that any direct determination is imjHiBBible. liefraction is the angle 
formed by the right line which really couuects the Inmiuous body with 
our eye, and the line resulting from the direction in which it is per- 
ceived. Now, of these two directions the second alone is open to actual 
observation; the angle which it forms with the other catinot be meas- 
ured, and it is necessary to calculate it by an indirect process. The con- 
tinuous observation of a star followed from the zenith to the horizon 
Blight give it ; the diurnal movement, the laws of which are not contested, 
causes the star, in e&ect, to describe a perfect circle in the heavens, aud 
knowing at every instant where it ought to be, we may place to the ac- 
count of refraction the observed irregularities. 

The process followed by Tj cho is a little different, but he was far from 
attaining the object in view ; according to him, the refraction of the 
light of the stars completelyceasesat 20°from the horizon ; that of the 
sun, being more oousiderable, becomes null only at 45°. This is alto- 
gether iuexajit, I'efraction follows the same laws for all these luminaries, 
and becomes null only at the zenith. Kepler, theretbre, took np the 
questioQ from the begiuning, and composed, under the modest title of 
Paralipomeaa ad VitalHofiem, a complete treatise of optics. This work, 
though containing serious errors, is truly remarkable for the time when 
it was composed. We find therein the correct theory of telescopes, ex- 
act rules for determining the focal distance of lenses an<l the augment- 
ative powerof an instrument. Here, for the first time, was given an exact 
description of the eye and the explanation of its mechanism ; it is here, 
finally, that we find au explanation of the cinereous Ughtpf the mpqD, at- 



LIFE AND WOBK8 OF EEPI^R. 99 

bnbatedinasiHritof loyalty to Ms old master Moestlin. Although en- 
tirely misted as to an elementary law of reihKtiou. Kepler has here cal- 
culated a table of astronomical refractions, which m>m the zenith to 70o 
does not differ more than 9" from that adopted at present, but in ap- 
proaching the horizon the deviations become more considerable. We 
recognize in tliis book the hand of no ordinary artiflcor ; its perasal is 
emhairassed by few difficulties, and although in its doctrines tares be 
mingled in abundance with the good grain, the student who wishes to 
prove all thinga for himself would still And much to repay his labor. 
Descartes, who cites it with honor in his Dioptrio, expressly acknowl- 
edged the obligations which he owed to it. 

fiat, while striving to attain the objects which he had proposed to. 
himself, Kepler, as astronomer to the emperor, could not properly ce- 
main inattentive to the events which were taking plaee in the skies. 
He wrot«, in 1606, a long dissertation on a star which had appeared in 
the constellation of the Serpent, and which, after having shone with a 
brilliancy greater than that of Jupiter, disappeared as mysteriously as 
it had come. This phenomenon, strange but not nnoxampled, caused 
a great eeuaation. " If I should be asked," said Kepler, " what will 
come to pass; what it is that this apparition forebodes I I sbitll an- 
swer without hesitation : First of all a flood of writings, published by 
Domerous authors, and much labor for the printers. If I should be ac- 
cased of having in my dissertation passed too slightingly over the the- 
idogical and political consequences, I shall reply that my charge imposes 
on mo the obligation of promoting astronomy to the best of my ability, 
bst not of iulfllling the office of public prophet. I am glad of it } if I 
bad to speak freely of all that passes iu Europe and in the chnrvh, I 
should the much in danger of giving offense to all the world, for as Hor- 
uesays, 

" lUaeo* intra muro* peeoatur ei extra."' 

One would scarcely suppose on reading these lines that they were 
written in 16061 

He proceeds to inquire whence this star could hare sprung and of what 
matter it was formed ; bnt he does not succeed in solving the question, 
•Dd concludes only that the blind force of atoms has nothing to do with 
it Of this opinion also was bis wife Barbara; Kepler tolls ns so in one 
of those personal digressions in which he sometimes indnlgos, and 
which are so virid and sprightly that in reading them we almost seem 
to hear and see him, and at the same time are so naturally introdnced 
that we feel no surprise tit finding them mixed up with the serious 
thoughts on which he is intent, " Yesterday," he says, " fetigned with 
Writing and tronbled in mind with meditations upon atoms, I was called 
to dinner, and my wife placed a salad on the table. Do you think, said 
I to her, that if tin-plates, lettuce leaves, grains of salt, drops of oil and 
vinegar, and fragments of hard-boiled eggs had been floating in space 
ever siuce the creation, in every direction and without order, chance 
watd have brought them together today to form a salad! — Not so good 
a one, I am certain, replied my fhir spouse, nor so well made as this 
one is." 

The treatise on the new star, which contains thirty chapters, leaves 
the Deader as Ignorant as the author himself was and as we to-day are 
of the oatore and causes of the catastrophe which, from the presumed 
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distance of the stars, must have been acewnpHBlted in the beavena 
and have troubled the systems of the cosmos many ages before tjie 
observations of Kepler. 

After nine years of efforts proeecnted with an intense applicattoo of 
mind which Bometimes, as he tells ds, had tormented him almost to 
madness, diu noa torserat ad insantam, Een1«' succeeded in exaotiy 
n^resenting the movement of Mars by two of the laws which have mnoe 
been recognized as applicable to the other planets, and which have im- 
mortalized his name. His work is eotitled : Astronomia nova, aeu Pkyaica 
ceelmtia, &c. (The new astronomy, or celeetial physics, founded on the 
study of the movement of Mars, deduced frwD the observations at Tycho- 
Brah^.) The preface, Addressed to the Emperor Bndolph, famishes a 
cnrions example of the spirit of the epoch, even jnore than oi' the geoius 
of Kepler: 

" I bring to your Majesty," he says, " a noMe prisoner, a trofAy of an 
arduous and long doubtfhl war, prosecuted under your auspices. Nor 
do I fear that he will refuse or scorn the name of captive, ^nce it is not 
the first time tbat he boa borne it ; long ago, as we are informed, the ter- 
rible god of war fell ingloriously into the toils spread for him by Yulcan. 
Yet, until now, none had more completely triumphed ove^ all human 
stratagems ; it was in vain that the astronomers prepared eveiy thinfr 
f(>r the struggle ; in vain that they brought all their resources into action 
^td marshalled all their forces. Mars, mocking at their attempts, dls- 
ooncert«d their plans and baffled their hopes. Withdrawn in an im- 
penetrable secrecy, he succeeded in veiliufr his skillful evolutions from 
hostile observation. The aocients complained of this deo^tive strategy 
more than once, and that indefatigable explorer of the mysteries ot 
nature, Pliny, pranooDced Mars inscmtoble to human eye. 

" Formyselfj I ought first of all to extol the activity and pertinacity at 
the valiant chiettain Tycbo-Brab^, who, under the auspices of the Dan- 
Udi sovereigns, Frederick and Gbristian, studied every night for twenty 
years the procedures of the enemy, in order to discover the plans of the 
campaign and the secret of his movements. The observations be- 
queathed to me by my predecessor have aided me in dispelling that 
vagoe and indefinite apio'ehension which is at first felt in the presence 
of a mysterious foe. 

" During the uncertainties of the contest how many disasters have 
desolated our camp 1 The loss of an illustrious chieftain, sedition and 
desertion among the troops, contagious maladies, all contributed to aug- 
ment our distress. I>omesti<! solace and suffering alike interfered wiUi 
business ; a new enemy, as I have reported iu my book on the late evan- 
escGOt star, [u^oipitated himself ou the rear of our army ; the veterana 
withdrew, the new recruits were untrained, and, worst of all, provisions 
were exhausted. Finally, however, the enemy became reconciled t^ 
peace, and by the mediation of his mother, Nature, sent me tbe avowal 
of his defeat. He surrendered on his parole, and Arithmetic and Geo- 
metry escorted him into our camp. From that time he has shown that 
he can be entirely trusted, and, content with his lot, adts but one favor 
of yoar majesty. All his family is in the sky; Jupiter is his father, 
Saturn his grandsire, Mercury his brother, and Venus his bosom friend 
and sister. Accustomed to their august society he is ardently desirous of 
recovering it, and would wish that like himself they were all received into 
your mi^e^ty's common hospitality. To that end it is important to profit 
by onr success and to pursue the war with vigor ; its h^anls are at an 
end, since Mars is in our poww. But I entreat your mi^estiy to remem- 
ber that money, constitutes the nerves of war, and to be pleased to order 



IIFE AND WOSKS 07 KEPLBB. 101 

yonz tieaeaier to deliver to your general the Bums necessar; for the 
levy of new troopa." 

In commencing the stnd; of the movements of Mars, it was iacambent 
on Kepler to aacertaio. nith precision the time of its revolatioii, which 
was not unknown tQ Typbo, nor even to Ptolemy, who had calculated it 
with nearly eqaal cxactiless. It is a problem, in fact, which, notwith- 
standing its apparent ^iffi^l^ies, is of easy solution. The imaginary 
right line, called the nuliu^-'Vector, which cooneets the fixed center of 
the sun with the morablo c^u^jTof the planet, may be compared to the 
hand of a clock, and the time dccifpied iu traversing its vast dial is the 
time of the revolution of Mars ; the- ra'iQus vector which unites the earth t 
with the sun may be regarded as a~ s)io^r hi^ud than the preceding 
atid as torning in the same directiou. ' TTbe fnovement of the latter is 
well known: it makes its circuit iu a year^ 9ai^>ose, uow, though it 
be not absolutely exact, that the planes of fhe- t^o orbits coincide: in 
other t«rms that the two bands, of uneiiual length,' nibve on the same uial- 
plate. Placed as we are at the extremity of the sicalletfit is easy for 
us to note its coincidences with the greater, and the aiiaodomers who 
attentively observe flie sun aud the planet Mars will bd able to say at 
what moment we are on the line whicb unites them. It has been long 
known that these oppositious of Mars and the sun, or, what amounts to 
the same thing, the coinculences of the two hands of the dial, take place 
OD a mean every 7D5 days. The longer hand, therefore, makes iu 795 
days one circuit less than the shorter; and asthemovement of the latter 
is known to us, the tyro in astronomy can deduce therefrom the move- 
ment, assumed to be uniform ; that is to say, the mean movement of the 
other. It is thus that the i)eriod of the revolution of Mars has been 
fonod equal to 687 days. 

This resiUt being well known to Kepler, he conceived the idea of col- 
latfng, in the observations of Tycho, those which differed precisely by 
that number of days, nod for which, consequently, Mars, after having 
accomplished a circuit, had returned to the same point of it^ course. 
He thus very ingeniously eluded tbe difiQcidty, apparently insurmount- 
able, which results from its continual displaeemeiit in space. The two 
positions of the earth in its orbit being known through tbe pre\'iou8 
Btady which bad been made of its movement, the line which unites them 
becomes the base, at the two extremities of which the inquirer is con- 
sidered as placed for the observation of a planet, which, ha\'lng returned 
to the same position, may be regarded as motionless. One of the por- 
tions of Mars will thus be found with the date of two epochs, separated 
by an interval of 687 days, on which it has arrived at that place. By 
faiterposing other observations separated from the first by a period of 
two or three revolutions of the planet, the same result will be obtained, 
a result which furnishes a means of verifying the calculations, and at 
tbe same time, what is still more valuable, a confirmation of the hypoth- 
esis adopted tor the law of tbe movement of the earth. 

Eocoumged by this 6rst success, Kepler recommenced the operation 
a great number of times, following the planet step by step, in order, so 
to say, to stake out its course through space : but how many points are 
Deeded to determine the geometric nature of a carvel Rigorous geom- 
etry answers that, however great the number, it will not suffice, and 
that by any given points an infinite number of distinct curves of very 
different properties may always be made to pass; it is for this reason 
that so many tables admirably precise obtained by physicists have never 
been found susceptible, notwithstanding their efforts, of being converted 
into matlnoiatical laws. Tbe oacertaiuty and incompetence of scienoe 
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la presence of sach a problem reqaire that patience should come to the 
aid of genius. Kepler attempted nt first tbe verificattou of the hypo- 
theses previously admitted, by seeking to place all his points on the 
samocu-cle; but his efTorts nere futile; hia calfMjlatione left errors of 
seven to eight minates subsisting, and he proj^d that no better could 
be done. Eight minutes seem but a small ma'Ue'r;' it is aboat a fourth 
of the apparent diameter of the sun : bat ij i§ in astronomy especially 
that it may be said with troth: Be whQ de^j^aen small things shall fall bg 
littls and little. Kepler knew it, ajid tnis little error, which he was 
anwilling to accept, became considerable by its consequeuces. "The 
Divine Goodness," he says, "hssgiycn us in Tyehoau observer so exaet 
that an error of eight minuted is impossible." The hypothesis of a cir- 
cular orbit was therefore'- inadmissible; but Kepler does not on that 
account despair of viztQry', nor is his confidence at all shaken. He 
fancies that, like ti&^^&too Galatea (in Virgil,) Mars flies to covert, 
but iu biding w^be^'iiot to escape unseen : 

■..'■. '.* £t fugit ad »alica, et ee cupil antt videri. 

This is tbe first line of his fifty -eighth chapter.* 

After numerous attempts and laborious calculations, Kepler at last 
found that an elliptical orbit satisfies all the observations of Tycho: 
then it was that, as he expresses himself in his preface, be regardeu 
Mars as a prisoner on parole. In a position thenceforth to interrogate 
the captire at leisure, he continued to press the iuquiry more closely, 
by marking the places which the new theory indicated for the future, 
and be bad the satisfaction of seeing tbe planet, punctual to the appoint- 
ments which he batl fixed, respond, so to say, to his summons, as the 
stars reply to their Creator in the book of Baroch, which La Fontaine 
so much admired : You have called me ; behold, I am here! 

This complete and i>ersi8tent conformity furnished the irresistible 
evidence of the two celebrated laws which he could at length announce 
with certainty : Mars describes an ellipsis of which tbe sun occupies a 
focus. The areas described by the ra^lius vector are proportional to 
the time. 

But our statement of the great discovery of Kepler would be incom- 
plete did we not particularize two remarkable ciroumstances which, 
coming fortuitously to the aid of his penetration, conducted him with 
more facility to the goal from which they might otherwise have turned 
him aside. 

The movement of the earth, the presumed knowledge of which had 
served as a basis for all his calculations, was theoretically as imperfectly 
known as ttiat of Mars. The circle in which he makes our planet move 
should be replaced by an ellipsis ; but this ellipsis fortunately diflfers 
from a circle in a sufficiently small degree to render the substitution of 
one for the other a matter of indifference for the rate of approximation 
to be adopted. Had it been otherwise, tbe method would have become 
iuexact, and the numbers, by contradicting one another, would have 
warned and discouraged the accurate aud conscientious inquirer. The 
second circumstance, still more remarkable, perhaps, was the imperfec- 
tion of the methods of observation and of the instruments of Tycho. 
Kepler might affirm, it is true, that an error of eight minutes waa 
imiroasible, and this confidence saved everything ; ha^l he said as much 
of an error of eight seconds, all would have been lost. The internal 
organ of jiidgmeut, to use an expression of Gcethe, would have ceased 
to be in harmony with the external organ of sight, become tuo delicate 
and too precise. LtOO^Mc 
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Kepler had, in ftict, deceived himself by regarding the important 
advaatage obtained over the refractory and stubborn plauet, as ooe of 
those decisive victories which forever terminate the contest ; the great 
laws to which he had given expression, eternally true as tliey are withia 
dae limits, are not rigorous and mathematical. Numerous }>erturba- 
tions eanse Mars incessantly to deviate from his path, and release him 
&om time to time from the frail bonds in which the exalting calculator 
thought bini entangled forever. For those, it is true, who are enabled 
to penetrate more deeply, the irregularities in question, once ex|ilained 
and foreseen, brilliantly confirm the theory of attraction which they 
both enlarge and elucidate j hot the premature knowledge of those per- 
torbations, a necessary cousequenceof more precise observations, would 
perhaps, by involving the truth in inextricable embarrassments, have 
retarded for a long time the progress of celestial mechanics. Kepler 
would then have been forced, since the elliptical orbit must have been 
rejected on the same grounds with the circular, tt^ seek by direct means 
the laws of the disturbed movement, at the risk of exhausting, against 
insuperable obstacles, all- the resources of his penetration and the 
obstinacy of his patj^ce. 

Kepler now conceived the idea of penetrating more deeply into the 
mysteries of nature and discovering the cause of the movements whose 
laws he had revealed. After having destroyed forever the old error of 
obligatory circular orbits, he announced the simple and true priuciple 
on which rests to-day all rational mechanics : the natural movement 
of a body is always rectilinear; but unfortunately be adds: "Pi-o- 
Tided there be not a soul which directs it," and this restriction uiars 
everything. Nego ullum motum perennam nOn rectum a Deo ooiiditum e»»e, 
fraiidio mentali deatUutum. There needs, according to this principle, an 
nnceasing force to conduct the planet in its cur\'ed orbit, and this force 
resides in the sun. Kepler affirms this expressly : SotU igitur corpus esse 
foHtem virtvtis qutc planetas omnea circumoffit. It is the doctrUie of 
Xewton, or to speak more generally, it is truth. 

Admirers of Kepler have seen in the two phrases just quoted one of 
his highest titles to renown. On this point I cannot agree with them. 
Impatient of the mystery of the planetary movements, Kepler has here 
not been faithful to the inspirations of his genius ; uncertain atid irres- 
olute, he has attempted on the contrary all kinds of explanations with- 
out adopting and vindicating any one of them, and when the true idea 
crossed his mind, he was not able to appreciate or employ it. 

After having said that the cause of the movement is in the body of 
the snn, he supposes that the rotation of that orb is transmitted to the 
planets and impels them ; he introduces, further, a magnetic force de- 
pending on the direction of the axis of the body thus impelled. Views 
of 3D extremely vague kind on the nature of attraction lead him more- 
over to believe that it is inversely proi>ortional to the distance, and it 
has been remarked that with a very slight modiAcation, his I'easouiug 
would have conducted him to the true law. That does not hinder him 
from bebeviug that the planet, being sometimes nearer to the sun, some- 
times more distant from it, must be alternately attracted and repelled. 
With a contradiction which shows beyond all else the uncertainty of his 
ideas, he asks whether the planet, comprising its force within itself, is 
not endowed with an active principle which guides as well as moves it, 
and without going so far as to accord to it tlie faculty of reasoning, be 
bestows upon it a «ot<I, which, instructed as to the route it must follow 
for preserving the eternal order of the universe, directs and maintains 
it therein wiUi luidagging power and exhaustlesa energy, .i^i^f^how:, 
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upon thia hypothesis, does the planet sncceed in recogniiiiig its path t 
The expression of its velocity necessarily iucludesT sines, aad admitting 
even that this soul has a perception of angles, by what mysteriona 
operation, he asks, could it calculate the sines of those angles 1 Beenr- 
ring, finally, to the idea of a magnetic attraction, he is apprehensive of 
a conflict between the magnetic iiower and the animal power. Thes« 
'eonfnsed reveries in which the genius of Kepler involves itself, make 
' us involuntarily think of the words we have cited : " Torquebar pane ad 
ftwantam ,-" they add nothing to his glory; it imports little that inter- 
polated among these opinions, which are so many errors, he has for ouoe 
annonnced the truth without founding it niran solid reasons. When a 
traveler seeks his way in the darkness of a rayless night, and hesitating 
at every step, exclaims anxionsly from time to time : Perhaps it is there I 
ahail we praise his sagacity bex^iose he has happened for ouce to gaesa 
right and has then pa«sed on t 

It would be unjust, therefore, to claim for Kepler the discovery of 
QDiversal attraction, but there is no room for sarprise at this. Mechan- 
ics, scarcely in its infancy, did not enable him, however clear-sighted, 
to test his ideas on motive forces and to tranafoiMi them into precise 
aod calculated theories; the labors of Oalileo and of Huyghenswere 
necessary to prepare even Newton for this, his immortal achievement. 

The studies and meditations of Kepler were often interrupted tmd 
constantly troubled by chagrins and embarrassments of every kind. 
The heirs of Tycho were entitled to a share in the property of the as- 
tronomic tables which Kepler had promised ; they complained of bis 
deferring their publication while he occupied his time with researches 
in physics and with empty speculations, while the celebrated astron- 
omer Lo^gomontanua cou8titut«d himself the organ of their reproaches 
and unjust suspicions. In a letter, at the outset of which he still treats 
Kepler as a learned man and a friend of long stauding, he accuses him 
of indulging an immoderate zeal in the re/ntatUm of the theories of 2VoA«, 
of allowing himself to be diverted from the occupations of his office by 
the passion for eritiei«ing enerythina, and of breaking, by attacking the 
works of his friends, the ties of affection which bound them to him. " If 
my engagements had permitted," says Longomontanns, " I would have 
gone to Praffue expressly to have an explanation with you ; but," he 
adds with increasing acrimony, " of what, after all, my dear Kepler, do 
you so much vaaut yourself! All your researches rest on bases estab- 
lished by Tycho, in which you have changed nothing. You may per- 
suade the ignorant, but cease to maintain absurdities before those who 
thoroughly understand the matter. You do not fear to compare the 
works of Tycbo to the muck of the Augean stables, and, like anotlier 
Hercules, announce yourself ready to cleanse them ; but no one ia 
deceived thereby or prefers you to our great astronomer. Your arro- 
gance disgusts all sensible |>eople." 

Accusations so remote from tmth could not wound Kepler. He 
despised all this empty objurgation which re-echoed around him. A 
few note^ on the margin of the letter from Longomontanus show in 
what estimation our philosopher held it. *' Pretty abuse," he writes ; 
and again, " decent phrases, if you please, to disguise your spleen." 
His reply, in which he declines a useless discussion, displays unbounded 
{ kindliness; it enables us to discern the serenity of his mind and moder- 
ation of his character, "At the moment when I received your militant 
epistle, peace had long been made with the son-in-law of Tycho. You 
uid I would resemble, in quarreling, Portuguese and English vessels 
which should fight in the Indies when peace was already nitiAed at 



LITE AHD WORKS OF KEPLER. 105 

home. .... Yon blame tu]r monner of accaaing and refnting. I 
yield the point, though I do not think that I bare deserved your re- 
proaches. From yon, ray firiend, there is no reproof which I do not 
accept. I regret that yoa did not come to Prague; I would have 
explained my theories, and you would have retnmed, I tmst, fully «ati»- 
fled. Yon jeer me. So be it; let us laugh togeth^. Bat why accnae 
me of comparing the works of Tycho with the mack-heaps of Augeasl 
You had not my letters under your eye ; yoa would have seen that they 
contained nothing of the kind. The name of Augeas hae found a lodg- 
ment only in your own imagination. I do not dishonor my astronomical 
labors by scnxrilities." And in concluding : " Adieu," he says ; " write 
to me as soon as i>ossible, to the end that I may know that my letter 
has changed yonr feelings in regard to me." 

The peace with the heirs of Tycho was hut a brief trace; they 
■ddreased themselves to the Emperor himself; but Rudolph, though 
incapable as Emperor and King, had an enlightened Mid sincere love 
for the sciences, and put aside all these importunate cavilings. Sur- 
roonded, however, with enemies and rebels, the Emperor of Germany 
eoald scarce pay bi#astronomer some light installments on the con- 
nderabte amonnt which he had fixed as bis salary, and Kepler, in order 
to snpport his family, was comitelied to accept labor of every sort, to 
make almanacs, calculate horoscopes, and place his erudition at the 
service of every one who could pay for it 

After the death of Kudolph, his successor, Matthias, less favorable 
to science and not less embarrassed by the incurable divisions which 
distracted the empire, entirely abandoned the observatory of Prague, 
8o that its labors were interrupted through the failure of the most in- 
dispensable supplies. Kepler was constniined to relinquish employ- 
ments which no longer yielded him even bread, and to accept the func- 
tions of professor at the University of Linz. It was in this city that 
he lost his wife, Barbara. Not long afterward, in order, he said, to give 
a mother to his three children, but without aQ'ectiug to have made by 
doing so any great sacrifice on their account, he married again. After 
having compiu^d with much care and subtlety of discrimination, as we 
see in one of his letters, the merits and attractions of eleven young per- 
sons commended to him by his friends, he espoused Susannah Ueut- 
Unger, orphan daughter of a simple artisan, who had been carefully 
educated in one of tbe most distinguished Ixtardingscbools of the 
country. " Her beauty, her habits, her form," he writes, " everything 
about her suits me. Patient and industrious, she will know how to 
conduct a modest household, and, though not iu licr first youth, she is 
of an age to learn all that may be wanting." This marriage was the 
occasion of an important work, in which Kepler shows by a new example 
that his genius, in its comprehensive survey, embraced all the depart- 
ments of science. "As I was about to be married," be says in the pra- 
faee, " and the vintage was abundant and wine cheap, it was incumbent 
on a good father of a family to make provision thereof and replenish 
his cellar. Having therefore bought several casks, the vintner, a few 
days after, made his appearance with a view to ascertain the price by 
measuring their capacity, and, without making any calculation, plunged 
an iron rml into each cask nud at once pronounced its contents." Kep- 
ler then recalls that on the banks of the Rhine, doubtless because wine 
is there more costly, the trouble is takeu of emptying the barrel in order 
to count exactly the number of quarts it contains. Is the much more 
expeditious method practiced in Austria sufficiently exact 1 "This is 
a question," says Kepler, "the study of which is not unworthy of a 
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geom«ter aewly married:" and, to solve it, he proceeds to discass pro- 
blems of geometry which may be accounted among the most difficult 
which had been till theu uudertakeu. A singular consequeoce deduced 
iB thefoUowiug: 

"Undertheiufluenceof a good genius who was, no doubt, a geometer, 
the constructors of casks have given them precisely the form wtiicb, for 
a line of the same lengtb as that measured by the gangers, affords the 
greatest possible capacity ; and, as iu the neighborhood of the maximum 
the variations are insensible, small accidental deviations exert no appre- 1 
ciable influence on the capacity, the, expeditious measurement of which 
is consequently siifBcieutly exact," This idea respecting maxima, thrown 
out iu passing, but in such absolute terms, by Kepler, received its devel- 
opment twenty years later from Fermat, of whom it is one of the titles 
to honor. 

Kepler adds : " Who will deny that nature alone, without any process 
of reasoning, can teach geometry, when our coopers, guided only by their 
eyes and an instinctive sense of the becoming, are thus seen to divine 
the form which best comports with au exact measurement t" Iu con- 
formity, at the same time, with his habit of mingling reminiscences of 
the classic {wets with his scientific labors, he terminates this treatise 
on the Art of measuring cashs with two verses, imitated from Catullus, 
which, freely translated, signify that, when indulging in conviviality, 
we should not count the glasses: 



This very learned work could be of no assistance to Kepler in the 
support of his family, becoming every year more nnmerous; he was 
living, therefore, with great economy and amid continual anxieties for 
the future, when alSictions still more poignant came to embitter his 
latter years. A letter from bis sister apprised him that their mother, at 
the advanced age of seventy, had just been cast into prison on an accu- 
sation of the crime of sorcery. Incensed at the impertinent absurdity 
of the questions addressed to her by the judge of instruction, (Jatbarine 
Kepler had aggravated her position by becoming accuser in turn, and 
scornfully reproaching the magistrate with his abuse of oflflce in the 
acquisition of sudden wealth. Unhappily, public opinion held her guilty, 
and without any precise allegation overwhelmed her with the odium of 
all the calamities of the vicinage ; especially was general horror excited 
wheu the fact was established that she never looked any one iu the face 
and had never been seen to shed a tear. These signs of malignity, it is 
true, were not conclusive, but as the judges, in impeachments of this 
kuid, were absolved from the ordinary restraints and had no fear before 
their eyes but that of seeming too lenient, the usage was to extort by 
torture such confessions as would conduct the victim to the stake. ~ 
Kepler hastened to the scene, and for five years of cruel apprehensions 
struggled unceasingly for the safety of his mother. Not all the prestige 
of his renown, however, nor his earnestness in demonstrating that 
"these teats of patience rather than of truth," as Montaigne expressed 
it, involve the judge iu a deeper condemnation than that which he pro- 
nounces, could avail to hiuder the instruments of torture from being 
exhibited to the aged Catharine, their uses explained to her, and their 
application threatened if her obstinate silence could not be otherwise 
overcome. But nothing could shake her constancy; she declared her- 
self ready to suffer everything, and her lofty and resigned bearing saved 
her finally from the punishment, but not from the disgrace, which of 
course was reflected painfully on her son. 
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During these times of trouble and disorder all Germaiiy, agitated, aa 
it were, by a violent storm, seemed little else than a tbeater for the ero- 
iDtion of armies and the calamities which accompany thein. One of the 
most terrible contests which history records, the war of thirty 3'ears, 
spread desolation and the conta^on of deadly maladies through all the 
proTiDces. In this crael extremity Kepler, who to a^isist his mother had 
reDoanced the fmictions of professor, was plunged in an ever-increasing 
destitution, against which his ardent spirit struggled without respite. 
Bat a last affliction was in reserve for him: he lost a daughter of the 
age of seventeen years. It was now that, bearing np againat these dis- 
tresses, he sought refuge in those serene regions into which the troubles 
of earth do not peaetrat«, and, casting aside the itnportuuate burden of 
obligatory or lucrative labors, devoted all his thoughts to the compost- 
tioD of a work which, as he tells ns, yielded him more pleasure than all 
Its readers together conid experience in its perusal. Those iaflnita 
spaces which surround us, whose eternal silence dismayed the sceptical 
reason of Pascal, possessed, in the harmonious diversity of movements 
wbicb they accomplish, an inexhaustible attraction fur the mystical im- 
igiiiatioD of Kepler ^aud as he thought that he had long heard in the 
depth of his soul the perpetual chorus of the mysterious voiceb of nature, 
he endeavored to give it utterance in the strange work entitled, "Har- 
noKkes mundi, lUtri guinquej" I'^ive books of the harmony of the world. 
He first studies, geometrically, raauy regular figures, and the analyt- 
ical views to which he is led would have suf5ce<l, as -one of our roost 
distinguished colleagues has said, to preserve the work from oblivion. 
He reduces his problem to au equation, and interprets with esactness all 
its solutious. This, and nothing more, is regarded as within the scope 
of science at the present day; but such a result does not satisfy Kepler. 
"It is proved," ho says, "that the sides of regular polygons must ne- 
ctssarily remain unknown, bciug, from their nature, uudiscoverable. 
Nor is there auything surprising in the fact that wliat occurs in the arch- 
ttgpe of the tcorld cannot be expressed in the conformation of its partsP 
' Proceeding afterward to the consideratlou of human music, and recalling 
the idea of Pythagoras, who, we are told, compared the jtlanets to the 
seven chords of the lyre, he aims to show how man, imitating the Cre- 
ator, hy a natural instinct is led, as regards the notes of liis voice, to 
make the same choice and observe the same proportion which God has 
«eeu fit to introduce into the general harmony of the celestial move- 
ments; the same thought of the Creator being thus translated into all 
his designs, of which one may serve as the interpreter and figure for 
itDother. 

Seeking harmonies wherever they are possible, Kepler devotes a 
chapter to politics: "Cynis,"he says, "having seen in childhood a mau 
of tall stature clothed in short, tunic, and near him a dwarf habited ina 
loug aud flowing robe, was of opinion that they should exchange gar- 
ments in onler that each might have what suited his size; bat his 
master pronounced that each should be left in possession of what be- 
longed to him. The two opinions might be reconciled by decreeing that 
the first should, after the exchange, give to the dwarf a certain sum of 
money. Every oue," adds Kepler, "clearly sees by this example that a 
geometric i>roportiou may be harmonic, such is 1, 2, 4, or the beneficial 
arrangement which gives to the tallest the longest robe. An arithmet- 
ical {Hx>portion may also be harmonic: such is 2, 3, 4, or the useful ex- 
change which allows not the dwarf, possessiug a loug robe, to lose his 
property, hut enables him to change it into money which he may appbr 
to ft better purpose." LTOOj^rc 
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Thi8 passage, which I translate ns closely as possible, and I need not 
Bay without well comprehending its meaning, will suffice, I think, to 
give an idea of the chapter on politics. The last chapter of the work is 
occupied in determining precisely the nature of the planetary concords. 
Saturn and Jupiter constitute the bass, Mars the tenor, Venus the con- 
tralto, and Mercury the falsetto. 

These obscure and chimerical ideas, in which the mind of Kepler 
wearies and loses itself, seem the proBtless and vain amusement of an 
imagination released from the control of reason; we read on with sad- 
ness, without venturing to sound the mysterious depths of that great 
inteUect led, by an inspiration without light, into the pnre domain of 
phantasy. Bat in the last pages of the book the genius of the inspired - 
dreamer awakens of a sudden to dictate to him those bold and augnst 
expressions which have become not less immortal than the discovery 
which they herald: 

"Eight mouths since," he says, "I had a glimpse of tbe first ray of 
light; six months since I saw the dawn; a few days ago only did tbe 
sun arise in its transcendent glory. I give myself jip to my enthusiasm, 
and venture to brave my fellow-mortals by the ingenuous avowal that 
I have stolen the golden vessels of the Egyptians in order to raise a 
tabernacle to my God far from tbe confines of Egypt. If I am par- 
doned 1 shall rejoice at it; if it is made a reproach to me I shall bear 
it; the die is cast. I write my book; whether it be read by the present 
age or by posterity imports little; it may well await a reiwler; has not 
Cfod waited six thousand years for an observer of his workst" 

Then, recitrring to the precise langaage of science, he annonncea tbe 
celebrated law which, binding together all the elements of our system, 
connects tbe greater axes of the planctarj- orbits with the time of their 
revolutions. ^Nothing can be more unexpected than this vivid light, 
which seems to spring out of chuos; the astontshetl reader asks himself 
how it is that these precise rules and mathematical proportions appear 
all of a sudden in a world which Kepler seems fo have been traversing 
as In a dream; how such abrupt clearness succeecls such profound ob- 
scurity, such pare melody the uncertain harmonies which precede it. 
Tfaere is nothing today to inform us. Kepler announces his law; verifies 
it, without communiCAting to us, as was bis wont, the history of hi« 
ideas; and then, transported vrith tbe full and entire possession of one 
of the secrets longest and most ardently sought, be breaks forth into 
raptnre« of thanksgiving, and, not content with the common language 
of hnmanity, borrows the majestic symphonies of the Psalmist: "The 
wisdom of tbe Lord is infinite, so also are His glory and His i>ower. Te 
heavens, sing His praises! Sun, moon, and ])laneta, glorify Him in your 
ineffable language! Celestial harmonies, and all ye who comprehend 
His marvelous works, praise Him! And thou, my soul, praise tby Cre- 
ator! It is by Him and iu Him that all exists. That which we know not 
is comprised in Him, as well as our rain science. To Him be praise, 
honor, and glory throughout eternity!" 

And in a note not less animated, and more touching, perhaps, tban 
the text, he adds: "Glory also to my old master, Mcestlin!" 

The Emperor Matthias was dead. His successor was his nephew 
Ferdinand, of Austria, whose pious energy, intent on extirpating the 
Protestant worship in Styria, had, twenty years before, troubled the life 
of Kepler. His zeal had not relaxed, and the perscf^ution'Wfls rekindled 
Tv-ith increasing violence: "Whither shall I betake mysellt" writes 
Kepler to a friend. "Should I seek a province already devastated, or 
one of those which will not fail soon to be sol" He had fortanately 
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preeervecl Ills firieadly relatioaB with tb« most distiDgniidied of tlw 
JefluUa, and, m their influence over the mind of Ferdinand was ud- 
bonnded, tbey mnnaged, when Wnllpnstein was named duke of Fried- 
land, to bare an article introduced into the deo^ee whidi might secnre 
Ke{iler*ti safety by attaching hin to the duke's service; it was also stip- 
nlnted that the arrears of his salary as imperial astronomer should be 
paid out- of the reTumes of the duchy. But new diffleiilties soon arose: 
the gentle-spirited and affectionate Kepler, separate^l from hU wife and 
ehildren, could not beconie reconciled to the tumult aud disonler of the 
eainps. Little fitted for the calling of a courtier, he was deficient in 
the asMduity and pliaiicy necessary to win the favor of a haughty aud 
inperionB master, whose prot«ction was but a disguised servitude. 
Wallenstein, seeing with extr^ne impatience the little faith reposed in 
the language of the stars by him whom he considered as his astrologer, 
did not long defer the dismissal of Kepler, replacing him by the Vene- 
tian, Seni, whose delusive and aooomiooduting science flattered, to the 
last, the presumptuous ambition of a soldier who, as Hcbiller says, 
"could scarcely tolerate that his will was not authoritative even in the 
skiee." 

Kepler feared not* in his'weakuess, to dare the resentment of the all- 
powerful man who had imposed his laws on the Emperor himself; he 
demanded with pertinacity the payment of the sum stipulated in the 
imperial decree^ but his strength was exhausted in vain in the numerous 
joomeys rendered necetisary by the prosecution of his claim, and be 
died at Katisbou, in 1629, at the age of fifty-eight years. 

By the union of the must opposite qualities, Kepler occapiee in the 
hiatory of science an altogether exceptional place. By evincing, from 
bia first steps in the study of astronomy, the presumptuous hope of 
decii»beriug the' enigma of nature, and of elevating himself by pure 
reasoning to a knowledge of the eesthetic views of the Creator, he 
seemed at first to wander with an insensate audacity, and without find- 
lag Bounding or shore,^over that vast and agitated ocean where Des- 
cartes, pursuing the same object, was destined soon to lose himself 
beyond retrieval; but, in the ardent aud sincere aspirations of bis soul 
toward truth, if the curiosity of Kepler disquiets and impels him, it 
never delivers him over to the blindness of self-conceit. Begarding as 
certaiD only what bad been demonstrated, he was always ready to cor- 
rect bis determinations by the sacrifice of his most cherished discoveries 
as soon as a severe and laborious exau)in<ttion refused to confirm them; 
bat what sublime emotions, what ntterances of enthusiasm and exulta- 
tion, wheu success has justified bis temerity, aud by persistent efforts 
he has attained his end I The noble pride which elevates and sometimes 
inflates his language has nothing in common with the vain-glorious 
satisfaction of a vulgar discoverer. Confident and daring wheu be is 
seeking, Kepler becomes modest aud simple when what be seeks is 
found, and, in the tmnsporta of triumph, it is to God alone that he 
aacHlies the praise. His soul, equally comprehensive aud exalted, was 
without ambition as without vanity; ho coveted neither the honors nor 
applause of men; affecting no superiority over the cultivators of sci- 
atce, obscure as tbey now are, to whom his correspondence is adilressed, 
he never ceases to express the same respectful deference for the aged 
Hcestlin, whose sole glory in our eyes is that of having formed sucb a 
disciple. When, after having mastered his greatest discoveries, it be- 
came necessary for him to descend every day ftom tbe most exalted 
contemplations to straggle with the vulgar necessities of life, he never 
complained at seeing bis merit overlooked or disputed, and always 
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accepted anafEtectedly, wiUioat tnai-mariiig or Ffpiniug, the labors and 
employments, whatever they might be, which would aid him in the 
suBtenance of his family. 

The laws of Kepler are the solid and impregnable foundation of modern 
astronomy, the immutable aud eternal rale of the displacement of the 
heavenly bodies iu space; qo other discovery, perhaps, has better jnsti- 
fled the words of the sage: He who tTicreages knowledge increases labor; 
DO other has given birth to more numerous researches and greater dis- 
coveries ; but the long and laborioaa route which led to it is known but 
to the few. None of the numerous writings of Kepler are regarded as 
cloasical ; his reuown alone will be immortal ; it is written in the heav- 
ens ; the progress of science can neither diminish nor obscure it, and 
the planets, by the always constant succession of their regular move- 
meots, will proclaim it from age to age. 

[IfOTE. — Nothing is nantlng to the oompleteneas of the above memoir ; bat, bavinff 
been addreeaed in the first inetiinoe to ta aaaembla)^ of men of soience, the leATDed 
author has probably thoagbt it superflaone tA^ve so distinct and formtil & statement 
of the tliree laws, as they are called, of Kepler, Qtegnias Erpleri,) as it may be convenieDt 
for the general reader to Lave beoeath his eye. For this reason, the following brief 
exposition of those celebrated astrouomical axioms is here tiaDBcribed from the Ency- 
clopedia Americana. — Tb. 

''The first of these lavrs is that the planets do Dot moves <u Copernicus had imagined, 

in circles, lint in ellipaea, of which tlio sun ia in one of the foci. For this, Kepler 

indebted to tbe observations wtiioh Tycbo had maile on the planet Mars, whose e< 

tricity is considerable, and agrees T ' ' ' "■ -' 

Kepler went throngh an indescribal 

imaginary straigbt line from the s^ , . . 

equal sectors in ei^nal times. ISy this rule Kepler calculated his tables, imaginiug the 
whole plane of reTolution divided into a number of such sectors, and, from thiSjtie 
investigated their respective angles at the snn. This was called Eepler'a probltm. The 
third law teaohee that, in tbe notiou of tbe planets, the squares of the times of revo- 
lution are as the cubes of the mean distances from tbe nun ; one instance of the appli- 
cation of which law, in the want of nthi-r means, is iu the determination of the distance 
of tbe planet Herscbel from the sun, it having been ascertained that its time of revolu- 
" " " '- - a little more than eigUty-two yeom." 
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BEAD AT A PUBLIC SrmNO OP THE ACADEMY OF 8CIENCE8, NOVEMBEE 
08, 1832. 

rrport, have been translftled for the IiiBtitulion from Ili« original French. Tbe follow- 
in|c enloef I however, ia reprinted fhim a traaBlatlon by tbe 1ut« Baden Ponoll, pro- 
fessor ofnatartd philoBoph; Id tbe naiveiBit; of Oifnrd. — J. H.] 

Ge:*tlemen: It seems as if death, who is incessantly thinning oor 
raoka, directed his stroke with a fatal predilection against that elates of 
oar body, so limited in number, our foreign associates. In a nhort space 
of time the Academy has lost, &om the lists of its memhers, Herschel, 
whose bold ideas on the structure of the universe have acquired every 
year more of probability; Piazzi, who, on the first day of tbe present 
century, presented our solar system with a new planet ; Watt, who, if 
not the inventor of the steam-engine, the inventor having been a 
Frenchman,* was at least the creator of so many admirable con- 
trivances by the aid of which the little instrument of Papin has become 
tbe most ingenious, the most useful, tbe most powerful means of apply- 
ing industry; Volta, who has been immortalized by his electric pile; 
Davy, eqnally celebrated for the decomposition of the alkalies and for 
the invalnable safety-lamp of the miner : Wollasf on, whom the English 
calle<l the Pope, because he never proved fallible in any of his numerons 
experiments, or of his subtile theoretical specnlations; Jenner, lastly, 
whose discovery I have no need to extol in the presence of fathers of 
fiunilies. To pay to such of its distinguished ornaments the legitimate 
tribute of the regret, of the admiration, and of the gratitude of all 
men devoted to study, is one of the ]»riucipal duties which the Academy 
impoBes on those whom it invests with the responsible honor of speak- 
ing io its name in these solemn meetings. To pay this grand debt, with 
the least possible delay, seems an obligation not less imperative. Gen. 
tlemen, the native Acsidemician always leaves behind liini, among the 
colleagues with whom he has been united by the electiou of the Academy, 
many confidants of his secret thoughts, of the origin and course of his 
researches, of the vicissitudes which he has gone through. The foreign 
atisociate, on the contrary, resides far away from us : he rarely joins in 
oar meetings; we know nothing of bis life, his habits, bis character, 
unless from the reports of travelers. When several years have passed 
over such fugitive documents, if we still find any traces of thorn, we 
cannot reckon on tlieir accuracy. Literary intelligence which has not 
found a record in print is a sort of coin the circulation of which alters 

■ This is not the place to enter on the conlmvcrBy rpBpi'fting the invention of the 
st«aui-engiiie. It may, hoivever, be reinark<i1 that we may 1xi wi'll content to allow it 
to remain a qnention o{ degree. Every l«a-kettle is a ateam-enf^ina. A very alight and 
c ivill enable Hteom to raiae a piaton. Let any one ileliao wbaC be 



mtaus precidely by the terra ateam-eugino, and tbo qnestioD of priority of invoDtion 
— -" »- "y gettlad, — Tr&hslator. ,-- i 
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at the same time the impression, the weight, and the inncription. 
l^ese reflections tend to show why the names of such men as Herscfael, 
Davy, or Volta ought to be mentioned in our assemblies before those 
of many celebrated Academicians whom death has snatched from oar 
more immediate circle. Moreover, I hope that after what I shall be 
able to adduce, even in a few minutes, no one will be able to deny that 
the man of universal scieoce, whose life I am about to describe, and 
whose labors I shall analyze, has some real claims to preference. 



Thomas Yonng was bom at Milverton, in the county of Somerset, 
Juoe 13, 1773, of parents who belonged to the Sodety of Friends. Ho 
passed his earliest years at tha house of bia maternal grandfather, Mr. 
Robert Davies, of Minefaead, whom the active businesf; of commerce 
had not been able to divert from the cultivation of classical literature. 
YnuQg could read fluently at the age of two years. His memory was 
extraordinary. In the intervals of his attendance at ,the house ot a 
village schoolmistress in the neighborhood of Minehead, at four years 
old, be had learned by heart a number of English authors, and evea 
several Latin poems, which be could repeat from beginning to end, al- 
though he did not understand a word of the language. The example 
of YouDg, like many others of celebrity recorded by biographers, may, 
then, contribute to keep up the common prepoaseseion of so many good 
fathers of families, who see in certain lessous, according as they may be 
recited without faults on the one hand, or are badly learned on the 
other, inrallibie indications of an eternal mediocrity in the one case, or 
the beginning of a glorious career in the other. It would, indeed, be 
far from our object if these historical notices should tend to strengtheD 
such prejudices. Thus, without wishing to weaken the vivid and pure 
emotions which every year the distribution of prizes excites, wo may 
remind some, in order that they may not abandon themselves to dreams 
which they will not realize, and others, in order to fortify, them against 
discouragement, that Picua de Mirandola, the phenix of learners of all 
ages and countries, became in mature age an iusiguiflcant writer; that 
Newton, that powerful intellect of whom Voltaire in some well-knowD 
lines asks the angels whether they are not jealous — the great Newt(m, 
we observe, made but indifl'erent progress in the classes of his school ; 
that study had for him no attractions ; that the first time be fblt the 
wish to labor, it was merely to take the place of a tnrbalent Bchocd- 
fellow who, by reason ofhisrankiutheschool, was seated on a form above 
hiu and annoyed him by kicks ; that at the age of twenty-two he was 
a candidate for a fellowship at Cambridge, and was beaten by one Uobert 
Uvedale, whose name but for this circumstance would have remained 
to this day {lerfectly unknown ; that Fontenelle, laatly, was more inge- 
nious than exact when be applied to Kewton tbe words of Luoan, *' It is 
not given to men to see the fTile feeble and at its sonrce." 

At tbe age of six years Young entered under a teacher at Bristol,' 
whose mediocrity was a fortunate circumstsuioe for him. This, gentle- 
men, is no paradox ; the pupil, not being able to accommodate himself to 
the slow and limited steps which his master took, becaoie bia own in- 
Btmctor. It is thus that those brilliant qualities developed themselves 
which too much aid would certainly have enervated. 

"The mMtcr, trhoae name wm King, at flret kept »chi>ol ot Stapleton, and thence 
ceinoved to Towneud, both near Bristol. Yonng'i acqimintance witb the sarreyor 
oomtuenced after he quitted that ftchool. (See FuEtcock'ii Life, p. b.) — Trak8I.atob. 
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Toong was ODiy eigbt years of age when chance, ^liose inflnence in 
tbe events of man'a \Se is moreconsiderabletban our vanity ofteualloi^s 
OS to admit, took bioi from studies exclusively literary aud revealed his 
real vocatioD. A surveyor of much merit in the neighborhood took a 
great fancy for hitn; be took bim out into the country sometimes on 
holidays, and permitted him to amuse himself with bis instruments of 
snrveying aud natural philosophy. The operations by whose aid the 
young scholar eawthedistancesandelevatiousofiuuccessible objects de- 
termined powerfully struck bis imagination ; but Koon several chap- 
ters of a niathematiea] dictionary made all that seemed mysterious in 
the noatter diaappear. From this moment, in his Holyday excursions, 
the qnadraut took the place of the kite. In the eveuing, by way of 
MnnsemeDt, the engineej^g novice calculated the heights mcasnred 
in tbe momiug. 

From tbe age of nine to fourteen Young went to a school at Compton, 
in Dorsetshire, kept by. Mr. Thomson, whose memory be always cbcr- 
isbed. During these five years all the pupils of tbe school were occupied 
exclusively, according to the practice of English schools, iu a minute 
atody of the principal writers of Greece aud Kome." Tonug continually 
maiutained bis place at the bead of his class, and yet he learned at the 
eame time Freucb, Italian, Hebrew, Persiau, and Anibic; French and 
Italian, from the vbanee object of satisfying tbe curiosity of a school- 
fellow, who possessed some works printed at raris, of which he was 
desirous to know the coutents ; Hebrew, iu order to read the Old Teata- 
sient in the original; Persian and Arabic, with the view of deciding a 
question started at table, whether there were as marked differences 
between the Oriental languages as between those of Europe, 

I perceive the necessity of mentioning that I write from authentic 
documents before I add that, during what might appear so fabulous a 
progress in languages, Young, during his walks at Compton, was seized 
with a Aiolent passion for botany^ aud that being destitute of the 
meaos of maguifying objects of which naturalists make use when they 
wish to examine the delicate parts of plants, he undertook to construct 
» microscope bilnself, without any other guide than a description of the 
iBStntmeiit in a work by Benjamin Martin ; that to arrive at this diffi- 
cult result it was necessary to acquire some skill in tbe art of turning; 
that tbe algebraic formulas of the optician having presented to bim 
symbols of which he had no idea, (tbose of fluxions,,) he was for a mo- 
ment in great perplexity; but not beiug willing at last to give up tbo 
enlargement of his pistils and stamens, he found it more simple to learn 
the differential calculus, in order to comprehend the unlucky formula, 
than to send to the neigbboring town to buy a microscope. The anient 
activity of the juvenile Young had led him to exertions beyond tbe 
strength of his constitutiou. At the age of fourteen bis health was 
sadly altered. Various indications excited fears of a disease of tbe 
longs; but these menacing symptoms at length yielded to tbe prescrip- 
tions of art, and tbe anxious cares of which this malady made him tbe 
object on the part of all his relations. 

It is rare among onr neighbors on the other side of the Channelf that 

* It wonltl npncar from Yonng'a own accoaot thitt a far more lilieral Bystem wM 
rrollj pnrBUFil id thin acbool. Also, the ]>raisea of tho usher, Joaiull JoBery, should 
Dorer be omitCeil, who initiated Young at leianre hours into a variuty uf experimciititl 
and iiractical aubjerta, which contributed materially to his future succeea. (Suo Puft- 
Gock'e Life, p. 6.)— Translator. 

t The reader will of course make dne allonance JD this and man; other psMsagee f(ff 
the ideas of a fureiciier as to English habit«. The anecdotu of Young's peumiuisbip 
«bich IbUows ia dinerently given by Dr. Peacock, p. 12. — Translator. 
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a rich person, iDtrnsting his sou to the care of a private iiistractor, does 
Dot seek for him a fellov-pupil of the same age amoD£ those who have 
been remarkable for their success. It was in this capacity that Yonug 
became, in 1787, the fellow-pupil of the praDdaoa of Mr. David BarcUy, 
of Toungsbury, in Hertfordshire. Oa tbe day of bis first appearanoe 
there Mr. Barclay, who doubtless felt the right of showing himself some- 
what exacting with a scholar of fourteen years of age, gave bim several 
phrases to copy, with tbe view of ascertaining bis skill in penmanship. 
Yoang, perhaps somewhat humiliated by this kind of trial, demanded, 
in order to satisfy bim, jwrmissinn to retire to another room ; this ab- 
sence being prolonged beyond the time which the transcription would 
have required, Mr. Barclay began to joke on the want of dexterity he 
mast pvince, when at length he reentered tjie room. Tbe copy was 
remarkably beautiful; no writing-master could have executed it better. 
As to the delfiy, there was no longer any need t« speak of it, for "the 
little Qniikpr,"" as Mr. Barclay called him, had not been content to tran- 
scribe the English phrases set him ; he bad also translated them into 
nine different languages. 

The preceptor, or, as they call him on tbe other side of the Obaonel, 
the tutor, who had to direct the two scholars at Yoangsbury, was a yonng 
man of much distinction, at that time entirely occupied in perfeeting 
himself iu the knowledge of the ancient languages. He was the future 
antfaorf of Calligraphia QrtEoa. He was not long, however, in perceiv- 
ing the immense superiority of one of bis pupils, and he recognized, 
with praiseworthy modesty, that in their common studies the true tntor 
was not always ho who bore that title. At this period Young drew up, 
conCiimally referring to the original sources, a detailed analysis of the 
numerous systems of philosophy which were professed in tbe different 
schools of Greece.} His friends spoke of this work with the most lively 
admiration. I know not wiiether the public is destined ever to see it. 
At all events, it was not without influence on the life of its author; for, 
in giving himself op to an attentive and minute examination of the sin- 
gnlarities (to use a mild term) with which the conceptions of the Greek 
philosophei's teemed, Yonng perceived that the attachment which be re- 
tained to the principles of the sect in which he was born became weakened. 
However, he did not separate entirely from it till some years afterward, 
during his sojourn in Bdinbnrgb. 

The little studious colony at Youngsbury quitted the country during 
some months in the winter, to reside in Loudon. During one of these 
excursions Young met with a teacher worthy of him. He was initiated 
into chemistry by Dr. Higgin9,§ whose name I can the less dispense with 
mentioning, since, in spite of his earnest and frequent remonstrances, 
there was un obstinate disinclination to acknowledge tbe share which 
legitimately belonged to him in the establishment of the theory of defl- 
Dite proportions, one of the most valuable discoveries of modern cbem* 
istry. 

Dr. Brocklesby, the maternal uncle of Young, one of the most popn- 
lar physicians in London at tbe time, justly confident of the distinguished 
success of the young scholar, communicated occasionally his productioDS 
to men of science and literature, and to men of the world, whose appro- 

* This ««eiii8 improbable, u Mr. Barclay's fisiDll; wer«of tbe sanis sect — TitAN8i:.*TOR. 

tHr. HodckiD. 

t This TCork is not mentioned by Dr. Peacock— Transultob. 

t'Tbe sbare borne 1>,T Dr. Higgiiis Id thesngicestioD ot discover; of tbe atomio theory 
has been vnrioiuly efltiiDBted. I'or on apparently perfectly fair view of the case, Um 
reader is referred to Dr. Duabeny'a Atomic Tbeoir, p. 33.— TRiMauTOit. 
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batkui might have greatly flattered bis vanity. Toacg thns foand him- 
Bdf at fui early period in peraoual relatioo with those celebrated men, 
birke luid Wjodham of the House of CommoQa, and the Dnke of Bich- 
moDd. The iRSt nobleman, then master of the ordnance, offered him 
the place of private secretary. The two other statesmen, Edthoagh they 
wished him also to follow a career connected with the public adminis- 
tration, yet advise^l him first to go throagh a course of law at Cam- 
bridge.* With such powerftU patrons, Youug might reckon on one of 
thone lucrative offices which persons in power are not slow to bestow on 
those who will spare them all study and application, and dnily furnish 
them with the means of shining at the court, the council, the senate, with- 
out compromising their vanity by committing any indiscretion. Young, 
h&ppily, had a couscionsoess of his powers; he i>erceived in himself the 
germ of those brilliant discoveries which have since adorned his name; 
he preferred the laborious but independent career of the man of letters 
to the golden chains which they exhibited so temptingly to bis eyea. 
Honor be to him for such a determination I May bis example serve as a 
ksaou to so many yonng men whom political ambition diverts from a 
uuae noble vocation to transform themselves into mere officials, but who 
might loam, like Young, to turn their eyes to the futnre, and not sacri- 
flee to the futile and transitory satisfaction of being Burronoded by per- 
I0Q8 soliciting favors the solid testimonies of esteem and grotitnde which 
the pubUc rarely fails to offer to intellectual labors of a high order; and 
if it happen in the illusions of inexperience that they should think too 
heavy a sacrifice imposed on them, we would ask them to take a lesson 
of ambition from the mouth of a great captain, whose ambition knew no 
booDds; to meditate on the words which the First Consul, the victor of 
Hareago, addressed to one of our most honored colleagues (M. Lemer- 
oier] on the day when he, quite in accordance with hia character, bad 
just refused a place then of great importance, that of councilor of state : 

"I understand, sir, you love literature, and you wish to belong alto- 
gether to it. I have nothing to oppose to this resolution. Yes; I, my- 
adf^ if I Itad not become a general-iu-chief and the instrument of tlie 
fiite of a great nation, do you think I would have gone'through the offices 
and the aalonato put myself in dependence on whoever might happen 
to be in power in the position of minister or ambassadorl Not nol I 
wonld have taken to the exact sciences. I would have made my way in 
the path of Galileo and Xewton; and, since 1 have succeeded constantly 
in my great enterprises, truly I shonld have been cQually distinguished 
bj my scientific labors. I should have left behind me the remembrance 
ti great iliscoveries. Ko other kind of glory would have tempted my 
■BlMtion." 

Young made choice of the profession of medicine, in which be hoped 
to find fortune and independence. His medical studies were commenced 
in London under Baillie and Cruikshank. He continued them at 
Edinburgh, where at that time Drs. Black, Munroe, and Gregory were 
hi the height of their celebrity. It was only at Gottingen in the fol- 
lowing year (1705) that he took the degree of doctor.f Before going 

* "Mr. Wyodham advised him not to accept tbe appointDient, and recommended 
fatal niher to pmceed to Cambridge and study the Ian." (Peacock's Life, p. 45.)— 

tTho aatbor has omitted that, in 1797, Toung entered rs a fellow-commoner at 
Hmaucl CoUege, Cambridge, and in due time graduated there regolarl; in medicine, 
Kafap at that time neceaenry for hia admission to the Collese of Physic iaos, in order to 
^»lde bim to practice ua physician in London. (See Peacock's Litt, p. liri.) In the 
Bxiviendty he wu ihmiliarly uiowu by the name of " PbenomeDon iDiuig.'';:— TB«Ma> 
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throngh this form, so empty, yet always so imperatively exacted, Young, 
hardly beyond ttae period of youth, had become known to the scientiflo 
world by a note relative to the gnm ladannm ; by the controversy which 
he sustained against Dr. Ceddoes on the subject of Gra\yford'8 theory 
of beat;- by a memoir on the habits of spiders, and the theory of Fabri- 
cius, the whole enriched with erudite researches ; and, lastly, by an in- 
quiry, on which I will enlarge ou account of its great merit, tbeuunsnal 
favor with which it was received at its drat production, aud the neglect 
into which it bas »iuce fallen. 

The Koyal Society of Loudon enjoys throughout the whole kingdom 
a vast and deserved coosideraliou. The Philosophical Trausactiona 
which it publishes have beeu for more than a century and a half the 
glorious archives in which British genius holds it an bouor to deposit 
its titles to the recognition of posterity. The wish to see bis name in- 
scribed in the list of fellow-laborers in this truly natioual collection be- 
side the names of Newton, Bradley, Priestley, and Caveudish, baa 
always been among the students of the celebrated universities of Cam- 
bridge, Oxford, Edinburgh, and Dublin' the most anxious as well as 
le^timate object ol' emnlation. Here is always the highest point of 
ambition of the man of science ; be does not aspire to it unless on oc- 
casion of some capiUtl investigation ; and the first attempts of his youth 
came before the public by a channel better suited to their importance, by 
the aid of one of those numerous periodicals which, among our neighbors, 
have contributed so much to the progress of human knowledge. Such 
is the ordiuaiy course ; such, consequently, ought not to have been the 
course followed by Young. At the age of twenty he addressed a paper 
to the Royal Society. The council, composed of the most eminent 
men of the society, honored this paper with their suffrage, and it soon 
after appeared in the Philosophical TransaetJous. The author treated in 
it of the subject of vision. 

THEOEY OP VISION. 

The problem was anything but new. Plato and his disciples, four cen- 
turies before our era, were occupied with it; but at the present day their 
conceptions can hardly be cited but to justify the celebrated and little 
flattering sentence of Cicero :."Thei"c is nothing so absurd that it has 
not been said by some of the philosophers." 

After passing over an interval of two thousand years, we must from 
Greece transport ourselves to Italy, if we should find any ideas ou the 
wonderful subject of vision which merit the remombrancc of the histo- 
rian, where, without having ever, like the philosopher of JBgina, 
proudly closed their scbool against all who were not geometers, caieful 
experimenters marked out the sole ronte by which it Is permitted to 
mnn to arrive without false steps at the conquest of unknown regions of 
truth ; there Maurolycus and Porta proclaimed to their coiitempoiaries 
that the problem of discovering what is presents sufficicjit difficulties to 
render it at least somewhat presumptuous to cast ourselves upon the 
world of intelligences to search after uhat ought to be ; there these two 
celebrated fellow-countrymen of Archimedes commenced the ex]>lnua 
tiou. of the functions of the difierent media of which the eye is com- 
posed, and showed themselves contented, as were at a later i>eriod 
Galileo and Newton, not to ascend above those kinds of knowlc'dge 
which are capable of being elaborated or correeted by the aid of our 
ii^Tous cloas uot of thow bodios. — 
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senses, and which have been 8tigniatize<l nnder the porticoes of the 
Academy by the contemptuous epithet of simple opinion. Snch is 
always human wealiness that, att«r haritigfollowed with a rare success 
the priucipal deviations which light undergoes in passing through the 
eomea and the crystalline, Maurolycus and Porta, wJien very near attain- 
iog their object, stopped shorty as if before an insnrmountable difQcuIty, 
when it was objected t» their theory tliat objects ought to appear in an 
inverted i>osition if the images formedin the eye arc themselves in- 
verted. The adventurous spirit of Eepler, on the contrary, did not re- 
main embiirrassed. It was from psychology that the attack originated ; 
it was equally from psychology, clear, precise, and mathematical, that he 
overthrew the objection. Under the powerful hand of this great man 
the eye beciime. defluitively, the simple optical apparatus known by the 
name of the camera-obscura ,- the retina ia the ground of the picture, 
tiie crystalline replaces the glass lens.* 

This assimilation, generally adopted since Kepler's time, remains open 
only to onedifBculty; the camera-obscura, like an ordinary telescope, re- 
qnires to be brought to a proper fiictia, according to the distance of ob- 
jects. When objects are near, it ia indispensable to increase the distance 
of the picture from the lens ; a contrary movement becomes necessary 
•B tbey become more distaut. To preserve to the images all the dis- 
Knctness which is desirable, without changing the position of the sur- 
face which receives them, ia therefore impossible; at least, always sup- 
posing tbe curvature of the Icus to remain invariable, that it cannot 
increase when we look at near objects, or diminish for distant objects. 

Among the different modes of obtaining distinct images, nature has 
Msare'dty laade a choice, since man can see with great distinctness at 
very different distances. The questiou thus put has afforded a wide 
subject of remark aud discussion to physicists, and great names have 
figured in the debate. Kepler and Descartes held that the whole ball 
of the eye is susceptible of being elongated and flattened. Porter- 
field aud Zinn contended that the crystalline lens was movable, and that 
it conld place itself uearer to or further from the retina, as might be 
needed. Jurin and Mnsscheubr(£ck believed in a change in the curva- 
ture of the cornea. Sauvages and Bourdelot supposed also that a 
change in curvature took place, but only in the crystalline lens. Such 
ia also the system of Young. Two memoira, which our colleague ano- 
eeesively submitted to the lioyal Society of Loudon, include the com- 
plete development of his views. 

In the first ot these the question is treated almost entirely in an 
aoatomical poiut of view. Young there demonstrates, by the aid of 
direct obse^^-atio^s of a very delicate kind, that the crystalline is en- 
dewed with a fibrous or muscular constitution, admirably adapted to 
an sorts of changes of form. This discovery overthrew tbe only solid 
elyection which had, tilt then, opposed the hypothesis of Sauvages and 
Bourdelot. That hypothesis had no sooner been auuounced than it had 
lieen attacked by Hunter. Thus this celebrated anatomist aided the 
esQse of the young experimenter by the attention drawn to the subject, 

•The anthor stoma to have left tliia illustration incomplete. Kepler's snggeetioD of 
IW identitj of tbe eye with tlie eamora-obscum, after nil, does not touch the difBcolt; 
flf the iNTcrtion of the tniat^o. Not has it been coiiRiiteTcd as completely cleared np ereu 
UD much later tirai^s. The solutiou n'hicli, it is believed, is uow Qiost geDerally ae- 
fiili il to is this : It ia a taw of our coDstitatioD, depenileut on tioiue pb^aiologlcat 
jvinciple ankno'trn, th.it we refer impressions on the rutiaii to objects oxiHting, or be- 
uercd to exist, io the rectilinear direction /ram icAich the impression cnnies to tbe retina. 
ConaMineotly, as rays cross iit tlic pupil, falling on the «pper part of tbe retina a Mt; 
-"^ an object lying *c(oip, or an inntrled image suggests nu trtd object. tOOQIc 
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while his labors were as yet nnpubliahed, and not even communicated 
to any one. However, this poiiit of the discussion soou lost its impor- 
tance. The learned Leuwenboek, armed with his powerliil microscopes, 
traced oat and gave figures of the muscular fibres in all their ramifica- 
tions in the crystalline of a dsh. To awaken the attention of the 
scientific world, tired with these long debates, nothing less was neces- 
sary than the high renown of the two new members of the Royal 
Society who entered the lists— one a celebrated anatomist; the otbei' 
the most eminent iustrumeut-miiker of whom England could boast 
These jointly presented to the Koyal Society a memoir, the fruit of their 
combined labors, intended to establish the comjileto unalterEvbility of 
the form of the crystalline. The scientific world was not prepared to 
admit that Sir Everard Home and Bamsden together could possibly 
make inaccurate experiments, or be deceixed in micrometrical measure- 
ments. Young himself could not believe it, and in consequence he did 
not hesitate publicly to renounce his theory. This readiness to own 
himself vanquished^ bo rare in a young man of twenty-five, and 
especially ou the occasion of a first publication, was, in this instance, 
an act of modesty without example. Young, however, had really 
nothing to retract. In 1800, after having witlidrawu his former dis- 
avowal, our colleague developed anew the theory of the cbaiigo of form 
of the crystalline in a memoir against which, from that time, no serious 
objection has been brought. 

Kothing could be more simple than his line of argument; nothing 
more ingenious than bis experiments. Young, in the first instance, got 
rid of the hj-pothesis of a change of curvatni-e in the cornea by the aid 
of microscopic observations, which were of a kind to render the most 
minute variations appreciable. We can say more: he placed the eye in 
special conditions where changes of curvature in the cornea would have 
been witbont effect ; he plunged the eye in water, and pi-oved that there 
was still the same faculty of seeing at difTereot distances preserved. 
The second of three possible suppositions, that of an alteration in the 
dimensions of the whole organ, was again overthrown by a multitude 
of objections and of exiteriments which it was difficult to resist. 

The problem thus seemed finally settled. Who does not see, in fact, 
that if, of three only possible solutions, two are put out of the question 
the third is necessarily established ; that if the radius of curvature of 
the cornea and the longitudinal diameter of the whole eye are inA'arinble', 
it must follow that the form of the crystalline is invariable T Young, 
however, did not stop there; he proved directly, by tbe minute phe- 
nomena of the changes in the images, that the crystalline really changes 
its curvature ; he invented, or at least gave perfection to, an instniment 
susceptihle of being employed even by the least intelligent persons, and 
those least accustomed to delicate experiments, and armed with this 
new means of investigation, he assured himself that those individuals 
in whose eyes the crystalline has been removed in the operation for 
cataract did not enjoy the faculty of seeing equally distinctly at aU, dia- 
tanee»,' 

' Tbia instrument, callud on " oiitomeler," naa origitiftUy proixiscil by Dr. Por(«rfiold, 
uDd coiiaiatB of a siuplo nuil iDgciiiouH contrivance ibr nscertaitiiDg the focal len^h of 
tlio uje, nbicb varies so Knotty in different indiTiduuls. aud often in two eyes of tlio 
Banio person, and in the eamo oye under different condttious. Dr. Yoong sreatly im- 

5 roved upon tlio original construction. It will be found dcncribed iu tliu IxicturcB on 
aturul rliilosoj)by, vol. ii, p. 57G. Tbe priucipte of it oonnista iu measuring accurulejy 
tbe distance of an object from tlie eye at Tcbiob perfectly distinct viaiun is obtuinod, 
and Tvbicb is determined ivben tbe object seen fLrougli two Buinll apertures eloeo to 
tbe eye presents only a single image, while in other poeitious it Bbo.w8 two iniofjea. — 
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We might foirly be aatoDished that this admirable theory of vision, 
thU combiuatioti so well framed when the most ingenious reasoniugs 
and experimenta lent each otbei mutoal support, did not occupy that 
distinguished rank in the science of the country which it deserved. 
Bnt to explain this anomaly, must we necessarily recur to a sort of 
fatality t Was Young then really, as he sometimes described himself 
Tith vexatiou, a new Cassandra, proclaiming incessantly important 
tratfas which his nngratefid contemporaries refused to receive t We 
sfaoold be less ix>etieal but more true, it seems to me, if we remarked 
that the discoveries of Toiing were not known to the m^ority of those 
who would have been able to appreciate them. The physiologists did 
not read his able memoir, because in it he presumes upon more mathe- 
matical knowledge than is usually attained in that branch. 

The physicists neglected it in their tumj because in oral lectures or 
printed works the public demands little more at the preseut day than 
acperflcial notions, which an ordinary mind can penetrate without diffi- 
culty. In, all this, whatever our distinguished colleague may have 
believed, we i>erceive nothing out of the onlinary course. Like all those 
vbo Bonud the greatest depths of science, he was misunderstood by the 
moltitnde ; but the applauses of some of the select few ought to have 
recompensed htm. In such a qnestion we onght not to oount the sof- 
firages ; it is more wise to w&gh them.* 

JHTEBPBKEMCBS. 

The most beautiful discovery of Young, that which will render his 
name imperishable, was snggested to him by an object in appearaoce 
very trivial — by those soap-bubbles so brilliantly colored, so light, 
which when jnst blown out of a pipe become the sport of overj' imi>er- 

H of the neglect of Young's specnlBtious, 

. __ _. . , 1 penipicnity. It raiRlit bu true tbst bU 

ta neglected by pbyBioIoguts beoBase it wM mfttbematicBl, and by purity of 

nainiii it migbt taavu been iie);lect«d by phyeiciBts uud matbematiciauB aa being physio- 
logical. But it is auruly no reaaoo t« eay tllat it naa ncglucteit by pbysicidtt btiaittQ 
the public are supeilicial, Ax, Young may bave been in most of bis spec illations too 
prafimud for thu many ; but tbis particular initance of the Htnictnre of the eye And 
tbeoTT of vision is, perhaps, of all hh re«earahes, that which caa be the least open to 
Ibia etiargc. The- subject is not itself abstntse ; it ia odo easily understood by oveiy 
edoealcd person, n-itbout matbematical atttaiunieuts ; and the poiut at issue naa a 
Muple qucsliou of fact, requiring no profound physiological knowledge to appreciate 
vhetb«r tbe crystalline has or has not a muscular atrnetare capable of changioK >ta 
•Mivexity. The real state of the case seems ta be very satisfactorily explained by 
Itasn Peacock, (p. 3G el leq.,) front whose account, as well as from what has been stneo 
written, it appears, after all that has been done both by Dr. Young an<l others, that 
Ibere is eveu at the present day considerable difference of opinion ou the subject. 
Peiliaps the most comprebeDsire survey of the whole subject wliicb recent ini'Mti- 

Cin has produced will be found in the paper of Professor J. U. Forbes lu the Edin- 
h I'ransactioDB, vol. xvi, pt. i, 1845. Alter giving a summary view of precedisf 
naearches, and udvertiog to the prevalent opiuion among men of science that thetran 
explaiiation yet reniaiusto be discovered, (most anatomists denying as a fact the oxM- 
ence of the nascular structure which Young conceived he bad proved,) Professor Forbes 
pnipoaes as his own vie\f of the cause the consideration of the reniarkable Tariatiam m 
itaiilM of the crystalline toward its central part ; coats of different density, being ^^ 
posed in different luyHnt, may be acted on by the pressnre of the humors of the ey* 
when the exEemal action of the muHcle compresses them, and tbns increase the curT»- 
tm of the lens when the ej|e is directed to a near object, the whole consistenoe, ospe- 
eUly in tbe outer parts, being of a gelatinous or couipreasible nature, and the centra) 
ynt more solid and more couvei. Thus uniform pressure on tho outer jiarts woulA 
tend to make the outer parts conform more nearly to the more couvex interior nuctons. 
It may be added that many physiologists are of opinion that, after all, there does 
* ~^it a sufficient compressive action on the boll of the eye to produot) (hs c^Ct 
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ceptible current of air. Before so eDlightened an aadience it would, 
without doubt, be suiktHuoub to remark that the difficulty of producing 
a phenomenon, ita variety, its utility to the arts, are not the necessary 
indications of its importance in a scientific point of view. I have, there- 
fore, to conuect with a child's sport the discovery which I proceed to 
analyze, with the certainty that ita credit will not suffer from its origin. 
At any rat«, I shall have no need to recall the apple, which, dropping 
from its stock and falling unexpectedly at the feet of Newton, developed 
the ideas of that great man respecting the simple and comprehensive 
laws which regulate the celestial motions ; nor the frog and the touch 
of the bistoury, to which physical science has recently been indebted 
for the marvelous pileof Volta. Without referring in particular to soap- 
bubbles, I will suppose that a physicist has taken for the subject of ex- 
periment some distilled water, that is to say, a liquid which m its state 
of purity never shows any more than some veryslight shade of color, 
blue or green, hardly sensible, and that only when the light traverses 
great thicknesses. I would next ask what we should think qi' bis vera- 
city if he were to announce to us, witltout further explanation, that to 
this water, so limpid, he could at pleasure communicate the most 
resplendent colors; tbat he knew how to make it violet, blue, green ; 
then yellow like the peel of citron, or red of a scarlet tint, without 
affecting its pnrity, without mixing with it.any foreign substance, with- 
out changing the proportions of its constituent gaseous elements. 
Would not tbe public regard our physicist as unworthy of all belief, 
especially when, after such strange assertions, be should add, that to 
prodnce color in water, it suffices to reduce it to tbe state of a thin film ; 
that "thin" is, so to s|>eak,the synonym of "colored;" that tbe passage 
of each tint into one the most different from It is the necessary conse- 
quence of a simple variation of the thickness of tbe liquid film ; that 
this variation, for instance, in passing from red to green. i.s not the 
thousandth part of tbe thickness of a hair ! Tet these incrcuible propo- 
sitions are only tbe necessarj' consequences deduced from the accidental 
observation of tbe colors presented by soap-bubbles, and even by ex- 
tremely thin films of all sorts of substances. 

To comprehend how such phenomena have, during more than two 
thousand years, daily met the eyes of philosophers without exciting 
their attention, we have need to recollect to how few [tcrsons nature 
imparts the valuable faculty of being astonished to any i>urpose. Boyle 
was the first to penetrate into this rich mina He conhucd bimself, 
however, to the minute description of the varied circumstances which 
gave rise to these iridescent colors. Hiioke, his fellow-laborer, went 
further. He believed tbat he had discovered the cause of this ktud of 
colors in the coincidences of the rays, or, to speak in his on-u language, 
in the mutual action on each other of the wares reflected by tbe two 
surfaces of the thin film. This was, we may admit, a suggestion charac- 
teristic of genius ; but it could not be made use of at an cjioch when 
the compound nature of white light was not as yet understood. 

Newton made the colors of thin films a favorite object of study. He 
devoted to them an entire book of his celebrated treatise, the " Optics." 
He established the laws of their formation by an admirably connected 
chain of expertmeuts, which no one has since surpassed in excellence. 
In illuminating with homogeneous light the very regularly-formed 
series of bauds of which Hooke had already made mention, and which 
originated round tbe point of contact of two lenses pressed closely 
together, he proved tbat for each species of simple color there exists, in 
thin (ilms of every sub"* lerieaofthickuessesgradually increasing, 
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at each of which no light is reflected from the film. This result waa of 
capital importaoce ; it included the key to all these phenometia. 

Newton was lesa happy in the theoretical views which these remark- 
able obsen'ations suggested to him. To say, with him, that the lumiuoas 
ray which is reflected is " in a fit of easy reflection ;" to suy that the ray 
which parses through the film entire is "in a fit of easy transmission" — 
what is it but to anuounce, in obscure terms, merely the same lavt which 
the experiment with the two lenses has already taught ns T' 

The theory of Thomas Young is not amenable to this criticism. Here 
there is no longer admitted any peculiar kind of "fits" as primordial 
properties of the rays. The thin film is here assimilated in all respects 
to any thicker reflector of the same substance. If at certain points in 
its surface no light is visible, Yoimg did not conclude that therefore its 
reflection Lad ceased ; he supposed that, iu the special directions of 
those points, the rays reflected by the second surface proceeded to meet 
with those reflected from the first surface, and completely destroyed 
them. This confli(^t of the rays is what the author designated by the 
term "interference,^ which has since become so famous. 

Observe, then, here the most singular of hypotheses. We must cer- 
* tainly feet surprised at finding night iu full sunshine at points where 
the rays of that luminary arrive freely; but who would have imagined 
that wo should thence come to suppose that darkness could be engen- 
dered by adding light to lightl 

A physicist is truly eminent when he is able to announce any result 
vfaicfa, to such an extent, clashes with all received ideas; but he ought, 
without delay, to support his views by demonstrative proofs, under the 
penalty of being assimilated to those Uriental writers whose fantastic 
reveries charmed the thousand and one nights of the Sultan Schahriar. 

Touug had uot this degree of prudeuce. He showed at onco that his 
theory would agree with the phenomena, but without going beyond 
mere [wsuibility. When at a later period he arrived at re^ proofs of it, 
the public had other prepossessious, which he was not able to overcome. 
However, the exi>eriment, whence our colleagae deduced so memorable 
a discovery, could not excite the shadow of a donbt.t 

■ In T«^ard to the theory of the " fits," the Author bere eoemB to represeiit Newton'a 
Tiew as, in fact, mere tautology : while \u other nlacea be la Bupposed to havo imlulged 
in a vinoiiary theory on the Bubject. Nenton, hovrever, expresaly Bnya : "What kind 
of action or disposition this la— whether it coiiBiBts in a circnlatin^ or vibiatiDg 
SMition of the ray, or of the mediniD, or Bomething else, 1 do not here mnniru." (Op- 
tka, p. 805, ed. 1721.) 

The fact is, Newton in his optical researchea «xpr«eaed the snme avowed and ayste- 
mmtic dislike in indalnog in an^ gratuit«n» theoriea as in hisotber inqairies. " S^»- 
ihfm ■(HI fi'go," -naa nia motto in theae as well aa in other reeearches. In adopting 
the idea of " fito of easy reflection and traoaniissioo," we are of opinion that bcdidnot 
TiaUt« that maiim, and that It was in fact tlie only legitiiDat« flrat eipresgioii of the 
oooeliiBion wbich the facts warranted. At ctrtain poiuta no tight appeared; it wos the 
lentimate iofereucp, iu the then state of knowledge, Mat none inw rtftecled. Bnt 
U^t wna clearly nnder tbo aaiue circomBtances traiumilted ; at a distance a little 
ftt»ter aloPK the ray, an opposite effect was witneesed ; and so oo. It was nothing 
more than the strict inference tbat at those points sncoesBivety xmelhing occurred in tho 
MNirae of the ray which dispoBcd it for, or Induced, reflection iu the one CHSe, and non- 
ndeetion io tlie' other; accompanied iu tho lattir cose by like tfindency to tiansmis- 
iion. These apparent "fits" mnst be atill acknowledged oa phfnoniena ; the medianitm 
bf which they are produced is, however, vow known to bo notbiug iDhcreut in the 
B^t, no esBentiat property recurring, but tbe simple periodicity of conspiring or 
ootuitcracting wave action. — TltANSLATOR. 

■flu the retrospective glance which the author thnB gives over the procress of dis- 
e a rtt j prcvions to the period at which Dr. Yonng flrnt entered on tbe fic-ld, ivhat we 
bsvn chiefly to observii la, tbat np to that date nothing like a conn(-ct«d view of tha 
yllj nil ■! character uf this wonderfnl agent had been attained ; a fctr isolated speoola. 
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Two rays proceeding Crom the same sonrce by slightly unequal routes, 
croased one atiotlier at a certain ixiint in space. At this point was 
placed a sheet of wliit« paper. EiKih ray, taken by itself, made the 
paper more bright at that point, but when the two raya united and 
arrived at that point together all brightness disappeared; complete 
night succeeded to day. 

Two rnys do not always annihilate each other completely at their 
point of intersection. Sometimes we observe only a partiiil weakening 
of intensity; sometimes, on the other hand, the raya conspire and in- 
crease the ill II mi nation. Everything depends on the difference in the 
length of route which they have gone through, and that according to 

tioiiB bad, indoed, been pnt forth reepe^tiiig it theory of emitted molecules on the one 
hand, and of waves in au ethereal inmlium uu (lia other, ond a few cxiierituental fkcU 
bearing on the choice between enich liyjjothosMi had been osccrtaJned. 

The Beverat diitinct phenomena of common reflection and refraction, of donble 
lefiwition, of inflection or diffraction, and of the colored rings did not seem to bo con- 
Deot«d iiy anj common principle, nor, oven separately considered, could it be said that 
thef vrere very aatisfactoTily explained. It was now the peculiar distinction of Yonug 
to perceive, aud to establish in the most incontestable manner, a great principle of the 
eimpleet kind, which at once rendered the wave hypotheus applicable to the two li.at- 
named classes of facts, and thus directly connectwt them with the former. It is not 
always that we are enabled to trace the firat rise and progress of the idea of a great 
discovery in the inventor's mind. We cannot forbear from hero noticing that Dr. 
Tonng has left on record the proRress of the first snggestiona which occurred to him 
on the subject of interference. The first view which presented itself wns that of tbe 
mmlogU* furnished by ntuiid, which, as is well known, is conveyed by meana of iraves 
propagated in air; and in the case of two sounds differing a very tittle from the aome 
pitch, produced at the same time, we have not a coutinuons sound, but bea<t — that is, 
alternation B of sound and silence; the waves in the one case conspiring with and reiin- 
forcing each other, in the other counteracting, neutraliEing,and destroying each other. 
But in more special reference to light. Dr. Young's acconnt of the origin of his ideas in 
M clear and striking that w« must give it in his own words : " It was in May, ISOl, that 
1 discovered, by reflecting on the beautiful eipcrinients of Newton, a law which appears 
to me to account for a creater variety of interesting phenomena than any other optical 
principle that has yet been made known. I shallendeavor to explain this law by a 
oomparisoii; Suppose a number of equal waves of water l^imove upon the surface of » 
stagnant lake with a certain constant velocity, and to ent«r a narrow channel leading ont 
of tie lake. Suppose, then, another similar cause to Lave excited another equal series 
of waves, which arrive at the same channel with the same velocity, and at the same time 
with Ibe first. Neither series of waves will destroy the other, but their effects will 
be combined ; if they enter the channel in sach a manner that the ulevations of tbe 
one series coincide with those of the other, they must together produce a series of 
greater Joint elevations; but if tbe elevations of one series are au situated as to oor- 
leepond to tbe depressions of tbe other, they must exactly lilt up those depressioiia, 
and the surface of the water must remain smooth; atleast, IcandiscorcrnoHltemativs, 
either from theory or from experiment. Now, 1 maintain that similar eflbcla t«k« 
place whenever two portions of light are thus mixed, and this 1 caU tbe general law of 
tbe interference of light"— Tuakblatob. 

For the sake of many readers it may not be superflnous or useless hero brieBv to 
iUustrate tbe application of these theoretical ideas. We have only to imB;;ine in like 
manner, in tho case of the rays rf light, two sets of waves propagated IhroiiKb an ethe- 
real medium and coinciding in direction, when it will be easily apparent that just as 
in the case of tho nupposed canal, they may have their waves cither couspiriog or 
conntcracting, and consequently giving a point of brightness or darkness aceonliDglj. 
Thus, a coincidence in the periods, or an interval of au integer number of eutii'e wave- 
lengths would causo tho two systems of waves to conspire anil rel-nforce each other ; 
a difference of periods of half a wave-length, or any odd number of half wave-lengthA, 
would cause the two systems to counteract or neutralize each other. l~hua> according 
t« the thickneas, there would bo a point of darkness or of brightness for each primary 
ray, and the succession of tints would be perfectly explained. 

This would directly apply_ totbe (Ain Ji/ms. Aray impinging would bepartly reflected 
at tbe first surface of the thin film ; partly entering, it would bo reflected internally at 
ite seconii surface, and emerge coinciding in direction with the drst, but retarded bebiiid 
it f^m tbe thickness traversed in its undulaliotit either by a whole or half nndula^ii, 
or some multiples of these. ""'° "'"">veit1icr aiioibt of brigblnessor one of darkSM v 
atKordingly ; or by some inaction giving au mtennediate aliade. AfV^ 
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TCiy simple laws^ the discovery of which, in any age, iroald sofflce to 
immortaUze a physicist 

The differences of route which prodnce these couSicts between the 
rays, accompanied by their entire mutual destruction, have not the same 
numerical value for the differently colored primary rays. When two 
vhite rays cross, it is then possible that one of their chief constituent 
parts, the red for example, may alone be in a condition fit for mutual 
destruction. But white deprived of it« red, becomes green. Thus, in- 
terference of light manifests itself iu the phenomena of coloration. 
Thus, the different elementary colors are placed in evidence without any 
priam to separate them. We should, however, remark that there does 

this wodIiI b 

TbQS, at two BucceaaivB 
thickDeeflea of the plate p, 
tbe iDcident rayn, falling 
on it in parallel directions 
i i, are reflected partially 
Irom tbe Grot sarface r r, 
iDd pof tially from the sec- 
ood t't'. Accordiiig fothe 
dJScrc nceo f thickness tia v- 
ened, these may be in ac- 
cordance giving a point of 
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o giving a point of 

If two rays or sets of wavi 
mMt ineliued at a very acuti -. ^.., . .. . 

of points, alteruately conspire or clash with each other, thas giving . 
bright and dark pniuts, the assemblage of which will prodnce bands 
or stript's ou a screen intercepting the rays. Now, oa to actual exper- 
imental cases, it was in tbe application of this latter theoretical idea 
Uukt the invention of Dr. Yonng was peculiarly displayed, Ttio 
former case was that nloue which seems t« have occurred to Hooke, 
in Tcferctice to the colors of thin plates, aod even this was in Lis I 
mini] but a very indefinite conoeption ; nor 6id it seem at first sight I 
teadily comparable with such cases as the diffraction fringes, or still i 
lew with the iutemil bands of a shadow oliserved by Gnmoldi. If ; 
Hooke had imi^lned any theoretical views of this kind, it was prolv- . 
ably confined to the one case of tbe thin films. Youug^s great merit ' 
wan tbe comprehensiveness of bis principle ; and in following out tUe 
investigation he proceeded at once to ouch a generalization aa evinced I 
that comprehensiveneae, and connected immediately those classes of j 
nbenotdeua apparently so different in character — the thin films, tbe 1 
intemal ban<1s, and the external fringes. When, as in Orimaldi's ,1 
experiment, (since called the phenomena of diffraction,) a narrow 1 
dip of card was placed in a very narrow beam of solar light, dark I 
■od bright stripes parallel to tbe sides iutenially marked the wbolo Ij 
■hadow longitudinally, while the external fringes appeared on the f 
ontaide at eacli edge. The general appearance of the ahadnw nf a i| 
loDg narrow body with parallel nides in a beam of solar light issu- l| 
ing from a ininute hole in a shntter, or, what is better, tbe focus of | 
a ama]) lens collecting the rayatoapoint, ia that of a shadow markeil ii 
with longitudinal atripea and extemntly bordered by parallel fHnges 
or bands of light slightly coloretl, as seen in the annexed figure. 

To akibil theie appearances ordinarily roqiiirefl tha son's light. " 
Bat the translator has found a very aimple method of exhibiting 
tbeaephenomenaon a minute scale by candle light, by merely placing 
a fine wire across one surface of a lens nf short focus, and looking through it at light 
■dmiticd through a narrow sUt parallel V> the wire, or even the flame of a candle at a 
•nuidenble distance. 

Mrat, as to tbe theoretical explanation, i 
will jNTliapB help to convey an iilea of the 
Vriormed, and inturfere in the case now soppoaed. 

V«<uig conceived the beam of light as n series of. waves p, 
~■^'^g the card, they were broken up into two new sets of 
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not exist a single point in space where a tboasand rays of tbe same 
oHgin do not proceed to cross one another after reflections more or less 
oblique, and we shall perceive at a glance the whole extent of the unex- 
plored region which interferences open to the investigations of experi- 
menters. 

When Young published this theory, many phenomena of i>eriotlicaI 
colors had been alrea^iy offered to the notice of observers, and, we slioald 
add, had resisted all attempts at explanation. Among the number we 
might instance the colored rings which are formed by reflection, not ou 
thin films, but on mirrors of thick glass slightly concave : the iridescent 
bands of different breadths, with which the shadows of Doclies are Iwr- 
dered on the outside, and iu some instances covered within, which Gri- 
maldi first noticed, and which afterward uselessly exercised the genius 
of Newton, and of which the completion of the theory was reserved for 
Fresnel ; the bows, colored red and green, which are perceived in greater 
or less number immediately under the innermost of the x>rismatic bands 
of the rainbow,* and which deemed so completely inexplicable that the 
writersof elementary books on physics had given up making meution of 
them; and, lastly, the "coronas," or broad colored circles with varying 
diameters, which often appear surrounding the sun and moon. 

round each edge bh a uew center, tv 
each Hide. Ou iLe jiriiiciplo Jual ii 
tiuna on tile outaide ; nud tlie tivo i 
inside of tLo shadow, in either cos 
vben an opaque screen woa plaot 



ahnndnnce of light WbS pi^^cit^ on the other, yet M the internal bands immediately 
disappoareil, dcmonstnttiuK that the effect was due solely to tho eoncHrrmee of the 
liglil IVom both aiili's. The bands prodiiceil by light ailmitCnl through n.-urow apertures, 
knd numerons olJii^r phi^noniena of the sumo kind, may receive a gennrnJ and popnlnr 
explanation in thu same wny.— Transutok. 

* This eiplnnation hns been recently controverted bj Professor Potter. — Pbilomphicnl 
Hagoziuo, May, 1S55. 
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I^I call to mind how maoy persons do not appreciate scieotiflc theo- 
ries except Id proportion to the immediate applications which they may 
offer, I cannot terminate this euumeratioii of the phenomena Tvhich 
cbamcterize the several series of more or ^ess numerous periodical col- 
ors without mentioning the rings, so remarkable by their regularity ol 
form and purity of tint, with which every brilliant light appears sur- 
rounded when we look at it through a mass of fine molecules or flla- 
ments of equal dimensions. These rings, in fact, suggested to Young 
the idea of an instrument, extremely simple, which he called an "eri- 
oroeter," and with which we can measurcj without difficulty, the dlmen- 
eioDS of the most minute bodies. The enometer, as yet so little known 
to observers, has an immense advantage over the microscope in giving 
at a single glance the mean magnitude of millions pf particles which are 
contained iu the field of view. It possesses, moreover, the singular 
property of remaining silent when the particles differ much in magni- 
tude among themselves, or, in other words, when the question of deter- 
mining their dimensions has no real meaning. 

Young applied his eriometer to the measurement of the globules of 
blood in different classes of animals ; to that of powders furnished by 
difi'erent siiecies of vegetables ; of the fineness of different kinds of fur 
used in the manufacture of different fabrics, from that of the beaver, 
the most valuable of all, down to that of the common sheep of the Sus- 
sex breed, which stands at the other extremity of the scale, and is com- 
posed of filaments four times and a half thicker than that of the beaver. 

Before the researches of Young the numerous phenomena of colors" 
which I have just pointed ont were not only inexplicable, but nothing 
had been found to connect tbem with each other. Newton, who was 
long engaged on the subject, bad not perceived any connection between 
the rings in thin films and tfe bands of diffraction. Young reduced 
these two kinds of colored bands alike to the law of interference. At 
a later period, wlien the colored phenomena of polarization had been 
discovei-ed, he observed in certain measures of the thickness at whi<;h 
tbey occurred some remarkable numerical analogies, which made it very 
reasonable to expect that sooner or later this singular kind of polariza- 
tion would be found connected with his doctrine. He had in this in- 
Htance, however, we must admit, a very wide hiatus to fill up. The 
knowledge of some important properties of light, then completely un- 
known, would have been necessary to jiermit him to conceive the whole 
singularity of the effects whicli, iu certain crystals cut iu certain direc- 
tioDS, double relVactiou produces by the destruction of light resulting 
from the interference of rays ; but it is to Young that the honor Itelongs 
of having opened the way ; it was he who was the first to decipher 
thcKe hieroglyphics of optics.t 

'Every one may liavfi reoiarkcil t!iu tliri'ftils of a spider's web (tccasiotiully oxiiiliitiiig 
btjjtiaot colors in tlte siinshiiie. Tbo suiio tliitig is ee«n in finuscratcheHou tliosarfHce 
"l poliahud niotal, produced in a more rcj^lar way by Ibo liiiu uugraved uarollpl 
fTooTca in BnrtoD'a biiltous. The colora of iiiatlicr-ul-pi-nr] nro of the nanic kind ; nil 
Ui^wicolorH Dr. Yonng sliowed were dne to infffl-ftrcnee of the portionB of light reflected 
(TMn tlip sides of tlie narrow transpnient thrcnifor groove. — Tic.utSLATOit. 

t It has liecn well oUserved that sinijilicity is not alnitys a fhlit of the firet growth, 
uiil accordingly soiii(> of the earliest of Young's researches were coniplicatcil by unne- 
nxury ronditionH. Tlias, to exhibit Iho efl'ert of tiro rays interfcrinu;, liu al. tiret not 
nnaatnnlly transmitted the narrow Iieaiii of 1i;;ht through two sinnll ii pert uri-s near 
■oRethrr. In point of fact, thoagh tho real ofiect is hero seen, it is nnxeil up with 
mien of a oioro complex kind. Tho narrow apertures each exhibited colored fringes 
11 adilitioD to the interfereneo stripes seen between tlu-in. The colored frJugrH of aijir. 
t*ns, uDkea very nide, are distinct fi*om those formed by one external edge of an 
•p«qne body , the light from cnei side conspires to the effects in a somewiiat coiuidex 
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The word hieroglyphic, regarded oot metaphysically, hut in its natu- 
ral acceptation, carries as into a field which lias beeii long the theater 
of numerous and animated debates. I have hesitated whether to risk 

manuer. If l.ho upnrtare be otherwise tliaa loug nitli parallel Bides, the pbeuoninDnD 
becomes still mnre coraples, and the calciilatiou difficult; fewsnchcnses have ever fet 
beeD solved, and some such casM have beeo dwelt upon m formidable objections to 
the theory ; tbey are aiiDpl; cases to which the formula, from its mathematiDol difB- 
eultiea, has not yet been estended. 

In aU these cases of diffraction au opaqut bod; was used, and it mi);bt still be sus- 
pected that mme acHon of the tdgt of that bod; might he concerned in the result. Nn- 
merouB experiments of Maraldi, Dntour, Biut, and others were directed to the investi- 
gation of this poiuC. Biot showed that an opaqM body was not necessary, inasmuch 
aa the edge of the plate t(f glau, or «veu the boundinji line of two facias of ii gbiss, cut 
at a slight inclination to ea«h other, u;ave the same iriuges ; iudcrd, Newton also had 
noticed somethinfr of the liiud. Hamat varied tbe conditious of the ed^e in every 
conceivable way, whether of form or nature, by tbe influence of magnetism, eoIvbu- 
iam, electricity, or temperature from froezins to a led heat, without pruduciog the 
slightest diftcreuce in the fringes — a result which it would be impossible to couceife 
compatible with any idea of an atmosphere of altroctiou or repalsiou earronuding tha 

Again : Though we have fflveD the e^lanation of the exUmul fHnges in its simpte 
and correct form, yet both YouDK and Freancl failed in tbe first instance to see it in 
tiiat light, both believing that toe Tefiectio» of a portion of rays fcoiu tlio edge of the 
opaque body was mainly concerned in producing the interference. Sobsequeut esperi- 
mouts showed that even in cases where that edgorefleote any eenstble amount of light, 
its iufiiietice on the di&acted fringes is quite inappreciable. In fact, Vooue, iu a let- 
ter to Frcsne], in retumlDg thanks for a copy of a later memoir, in which he hod shown 
this supposition to bo uunecessary, also concurs iu abandouiug it. It did but compli- 
cate aud injure the beauty of too result, {Young's Works, i, 393;) and cvpry doabt 
must have (Tigappoared in the minds of those wh^coapared the minute arithmetical 
accuracy with which tb« ptacea of the fringes, ar computed from the simple theory 
in tbe investigation of t resnel, ngceed with those actually determined by the nicest 
micromotrica) uieasurments. 

In enumerating the discoveries of Yonng in the first catalilishmont of the wave 
theory, it is somewhat singular that Aragu, whether from occideut or design, should 
have overlooked one investigation which must be regarded bs among the most important. 
The great support which tlio emission theory received iurooetit limes was that derived 
from Laplace's memoir on tho law of double refraction, (1801),) in which, on the priu- 
ple of " least action," aa iitaiDtaineil by ManportiuH and aiipliod to the idea of lumi- 
noua molecules, ho explained the observod laws of onlinary and oEtraordiuary refrao- 
tion in Icolaud spar. This investigation oierciscd a powerful induence iu favor of the 
molecular theory over the minds ot the mou of science iu France, who bowed implitiitty 
to the authority of Laplace. But tho memoir of. Laplace was the subject of aveiy 
nowcrful atlAck on the part of Dr. Young, carried on in an article in tho Quarterly 
Beview, November, ISw, in which he disputed Ihe mechanical ami mathematical 
grounds of Laplace's theory, and sliowed that the same laws of double refraction 
could be far more easily dtduced from the undulatory hypothesis. N<-xt to the dis- 
covery of interference, this refutation of the strongest point of tlio emission theory 
funnot but be regarded as one of the most material iu the development aud establish- 
ment of the undnlatory view. 

To the statement of thcHe various cases of interference it should he added, that when 
the tints of polariiwd light were discovered. Young in 1814 applied to tlie pheuompna 
the grmeral conalderation o{ inttrfatnce ; that is to say, ho showed that, owing to 
tbe differing obliquities of tho paths of the rays within the crystal, they would 
be unequally retarded in their passage, and would consequently emerge in con- 
ditions, with regard to length of route, resi'ectively of occordouce or discordance at 
corresponding diBtances round the ccntml line or axis of tbe cryHtal, and thus might 
give rise to cokwed rings. Arago, however, soon noticed tliat the explanation waa 
incomplete ; the main point, in fact, remained to be accounted for. vik, why we see no 
colors till tho analgzrr is apptieil, and why even the previous polarization is neceMory 
to tho result. It was not until about two years afterward that Arago ami Trtanet 
Jointly succeeded in discovering a now law, which not only fumishoirthB complots 
Mlution of the polarized rings, but at length cleared away all the difScuUics vliicli, 
&om the first, bod surroondM' ' polarization itself For an account of ttda 

aoe memoir of FiceneL— Tr/ 
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otTeMing the feelings wbicli this qnestion liasezcited. The secretary of 
an academy occupied exclusively with the exact sciences might indeed, 
without impropriety, remit this philologies subject to other more com- 
petent juflges. I also feared, I will avow, to find myself in disagree- 
ment on several important points with the illustrious man of science 
whose labors it has been so delightful to me to analyze, without having 
to add a word of criticism from my pen. All these scruples, however, 
vanish when I reflect that the interpretation of hieroglyphics has been 
one of the most beantiful discoveries of our age ; that Young himself 
has mixed np my name with discussions relating to it ; that to examine 
whether France can pretend to this new title to glory, is to eahance the 
importance of the task confided to uie at this moment, and to {lerform 
the dnty of a good citizen. I am aware that some may find narrowness 
in these sentiments. I am not ignorant that the cosmopolitan Rpirit has 
its goml side; but with what name shall I stigmatize it, if, when all 
neighboring nations enumerate with triumph the discoveries of their 
aoDs, it should hinder me from seeking, even in the present circle, 
among those colleagues whose modesty I would not hurt, the proof that 
France is uot degenerate ; that she also adds every year her glorious 
contingent to the vast deposit of human knowledge T* 

I approach, then, the question of Egj'ptian writing, and I do so &ee 
from all prejudice, with the firm wish of being just; with the lively 
desire to conciliate the rival pretensions of two men of science, whoso 
prematnre death has been to all Europe a legitimate subject of regret 
Lestly, I shall not in this discussiou on hieroglyphics transgress the 
bounds imposed on me ; happy if those who listen to me, and whose 
indulgence I ask, may find that I have known howto escape tUe indnence 
of a subject whose obscnrity is proverbial. 

Hen have imagined two systems of writing entirely distinct. One is 
that employed by the Chinese, which is the system of hieroglyphics; 
the other, at present in use among all other nations, bears the name of 
the alphabetical or phonetic system. 

The Chinese have no letters properly so called : the characters which 
they use in writing are strictly hieroglyphics ; they do not represent 
tovttdx or articulations, but ideas. Thus a house is represented by a 
nnique and special character, which does not change even when the 
Chinese have come to call a bouse, in their spoken language, by a name 
totally different from that which they formerly pronounced. Does this 
resnitappear surprisiogt Imagitie the case of our ciphers, which are 
also hieroglyphics ; the idea of one added to itself seveu times is expressed 
everywhere in Fnince, in England, in Spain, &c., by the aid of two cir- 
cles placed vertically one over the other, and touching in one point ; hot 
in looking at this hieroglyphic sign (8) the Frenchman pronounces " hoit," 
the Englishman "eight,'' the Spaniard '-ocho." So oneisignorantthatit 
iatbe aame with compound numbers. Thus, to speak brielly,if the Chinese 
ideographic signs were generally adopted, as the Arabic numerals are, 
every one would read in his own language the works which they pre- 

*!□ bringing out a part of tltis chapter on Eftjptian hieroglypbicB in tho Aiinaaira 
for 183G, Aragu has added : " The first exact intorpretution which has been given of 
£e7pljan hieri>glf phius will certainly take its placo among the most heautifnl discov- 
eries of the nge. Besides, after the animated debates to which It hoa given birtb, 
wetj one n-»uld (lueiro to know whether France can o(in»ei«nlwaalg pretend to this new 
title to i^ory- Thua the importance of tbu question, and the national self-love pnip- 
oiy un^ntood, uuite in encouraging me to publish the result of a niiuute eiamiDo- 
tfam ta which I have devoted mvself. Can I, then, bo blind to the danger wbiob there 
■Iwaya ia In attempting difficult subjects 111 mntteTS wMcb we have not nude tlw 
•paei*! HthtMt of our Uadi^ t " 



:, Google 



lis EUIiOOY ON THOMAS TOClfO. 

8eQt«d to bim, without the need of knowing a single irord of the lan- 
^age spoken by the authors who i.ave written them. 
It ia not 80 with alphabetical writing. 

" BewbnllnittittiglitiuiheiiiKciiiaiunTt 

To p*lDt onr vorda, and speak them to our ofM," 

having made the capital remark that all words of a spoken Inngnage, 
even the most rich, are compounded of a very limited number ot 
elementary articalate soumla, invented artificial aigns or letters to tlie 
number of twenty -four or thirty to represent them. By the aid of these 
signs <lifrerently combined he could write every word which struck his 
ear, even without knowing tho meaning of it. 

The Chine,se or hieroglyphic writing seems to be the infancy of the 
art. It is not always, a.s has been sometimes said, that to leiirii to read 
it, even in China, occupies the whole life of a stndions Mau<hirin. 'R6- 
musat (whose name I cannot mention without recalling one of the most 
heavy losses which literature has lately sustained) has establisheil, both 
by his own experience and by the fact of the excellent scholars he has 
formed every year by his lectures, that we may learn Chinese like any 
other language. It is not true, as was once imagiued, that the char- 
acters are appropriated solely to the expression of common ideas ; several 
pages of the romance of Yu-kiao-li, or The Two Cousins, will suffice to 
show that the most subtle abstractions, the <]uintessence of refinements, 
are not beyond the range of the Chinese writing. The chief fault of this 
mode of writing is, that it gives no means of expressing new names. A 
letter from Canton might have told at Pekin that on the I4th of June, 
1800, a great and memorable battle saved Frau<;e from great peril ; but 
it would not have been able to express in these purely hieroglyphic char- 
acters that this g'lorious event took place near the village of Marengo, 
or that the victorious general was called Bouaparte. A people among 
whom the communication of proper names, from one plac« to another, 
could only take place by means of special messengers, would be, as we 
see, only in the first rudiments of civilization. These preliminary re- 
marks are not useless. The question of priority, which the graphic 
methods of Egypt have called forth, thus comes to beeasy to explain and 
to comprehenii. As we proceed, in fact, we find in the hieroglyphics of 
the ancient people of the Pharoahs all the artifices of which the Chinese 
make use at the present day. 

Many passages of Herodotus, of Diodoms Siculus, of Clement of Al- 
exandria, have taught us that the Egyptians had two or three different 
sorts of writing, and that in one of these, at least, symbolic cliaractera, 
or the representatives of ideas, pla,ved a principal part. Horapollon 
has even preserved to us the signiflcation of a certain number of these 
characters. Thns we know that the hawk designated the soul; the ibta, 
the heart ; tho dove, (which might seem strange,) a violent man ; the 
fnte,au alien; the number sia;, p?e(7s«re,' a frog, aa impudent man ; the 
ant, wisdom ; a rtmning knot, love ; &c. 

The signs thus preserved by Horapollon form only a ver>- small part 
of the eight or nine hundred characters which have been found in the 
ancient inscriptions. The moderns, Kirchcr among others, have en- 
deavored to enlarge the number. Their eftbrts have not given any use- 
ful result, unless it be so to show to what errors even the best-instnictod 
men expose themselves when in the seareh after facts they abandon 
themselves without restraint to imagination. In the want of data, the 
interpretation of the Egyptian writings appeared for a long time, to all 
sound minds, a problem completely incajtable of solution, when, in 1 799, 
M. BoussanI, an eug'" "■, discovered in the excavations wliicli 
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ho vas making neta Bosetta a large stone covered vith iuBCriptioDB in 
three kiods of characters quite distinct. 

One of the series of characters was Greek. This, in spite of some 
mutilations, made clearly kuowu that the authors of the monunieut had 
ordained that the same ioscription should be txaced in three diiferent 
sorts of charHcters, viz, in the sacred characters or Egyptian hieroglyph- 
ic8, in the local or vulgar characters, and in Greek. Thus, by an unex- 
pected good fortune, the philologists fouud themselves in possession of 
a Greek text, having also before them its translation into the Egyptian 
langnage, or at least a transcription in two Borts of ctiaracters anciently 
in use on the banks of the Kile. 

This Bosettn stone, since so celebrated, and which M, Boussard pre- 
tented to the Institute of Cairo, was taken from that body at the period 
when the French army evacnated Egypt. It was preserved, however, 
in the British Museum, where it figured, as Thomas Young said, as a 
Donument of British valor. Putting valor out of the question, the cele- 
brated philosopher might have added, without too much partiality, that 
this invaluable trilingual monument thus bears some witness to the 
advanced views which guided all the details of the memorable expedition 
into Egypt, as also to the indefatigable zeal of the distLugiiished savants 
whose labors, often carried on nnder the tire of the forts, have added so 
noch to the glory of their country. The importance of the Bosetta 
■tone struck tiiem, la fact, so forcibly, that, in order not to abandon 
this precious treasure to the adventurous chances of a sea voyage, they 
earnestly applied themselves, from the first, to reproduce it by copies, 
by impressioua taken in the way of printing from engravings, by molds 
in piaster or sulphur. We must add that antiquanes of all countries 
became first acqnainted with the Bosetta atone from the designs given 
by the French savants. 

One of the most illustrious members of the institute, M. Silvestre de 
Bacy, entered first in 1802 ou the career which the trilingual iuscription 
opened to the investigations of philologists. Be only occupied himself 
on the Egyptian text in commou characters. He there discovered the 
groups which represent the different proper names, and their phonetic 
nature. Thus, in one of two inscriptions, at least, the Egyptiiius had 
tiie signs of sounds, or true letters. This important result fouud no 
Pi^nents after a Swedish man of science, M. Akerblad, in completing 
the labors of our fellow-coantrj;man, had assigned, with a probability 
bordering on certainty, the phonetic value of each of the different char- 
acters employed in the transcription of the proper names which the 
Greek text disclosed. There remained all along the purely hieroglyphic 
part of the inscription, or what was supposed such ; this remained un- 
tOQched ; no one had ventured to attempt to decipher it. It is hero 
that we find Young declaring, as if by a species of inspiration, that io 
the multitude of sculptured signs on the stone representing either entire 
animals, or fantastic forms, or again instruments, products of art, or 
geometrical forms, those of these signs which were found inclosed in 
dliptic borders corresponded to the proper names in the Greek inscrip- 
tion, in particular to tiie name of Ptolemy, the only one which iu the 
hieroglyphic inscription remains nuinjured. Immediately afterward 
Young said that in tbo special case of the border or scroll, the signs 
iaehided represented no longer ideas, but sounds. In a word, he sought 
by a minute and refined analysis to assign an individual hteruglyphic 
to each of the sounds which the ear receives in the name of Ptolemy in 
the Bosetta stone, aud in that of Berenice in another monument. TiiXM 
*e see, unless I mistake, iu the researches of Young on the gniphic sja- 
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tems of the EgyptiaDB, tlte three culminating points. Ko one, it is said, 
had perceived ttiem, or at least had i>ointed them out before the Eng- 
lish philosopher. This opinion, although generally admitted, appears to 
me open to di»putti. It is, in fact, certain that in 1766 M. de Gaigues, 
in a printed memoir, had indicate<l that the scroUx in Egyptian in- 
scriptioDs included all the proper names. Eveiy one migut also see 
in the same work the arguments on which the learned orientalist relied 
to establish the opinion which be had embraced on the constant pho- 
netic character of the Egyptian hieroglyphics. Yonng, then, has the 
riority ou this point alone. To him belongs the first attempt which 
ad been made to decompose in letters the groups of the scrolls, to give 
a phonetic value to the hieroglyphics which comimsed in the stone ot 
Bosetta the name of Ptolemy. In this research, as we might expect, 
' Young furnished new proofs of his immense penetration ; but, mislead 
by a falHC system, his efforts had not a full success. Thus sometimes 
he attributes to the hieroglyphic cliaractora a value simply alphabeticaL 
Further on he gives them a value which is syllabic or dissyllabic, with- 
out being struck by what must seem so strange in this mixture of dif- 
ferent characters. The fragment of an alphabet published by Young 
includes, then, something both of truth and falsehood, but the false 
so much abounds that it would be impossible to apply the value of let. 
ters which compose it to any other reading than that of the two proper 
names from which it was derived. The word impossible is so rarely met 
with in the scientific career of Young, that I must hasten to justify it, 
I will say, then, that after the comiKisition of bis alphabet Young him- 
self believed that he saw in the scroll of an Egyptian monument the 
name of " Arsinoe,^ where his celebrated competitor had since shown 
with irresistible evidence the word " autocraUyr; " that he believed he 
had found " evetfjetes " in a group where we ought to read "C<Bsar," 

The labors of Ohampollioo, as to tbe discovery of the phonetic value 
of hieroglyphics, are clear, distinct, and cannot involve any doubt. 
Each sign is equivalent to a single vowel or consonant. Its value is 
not arbitrary. Every phonetic hieroglyphic is the image of a physical 
object whoso name in the Egyptian language commences with the vowel 
or the consonant which it is wished to rei)rc8eut." 

The alphabet of Ohampollion, once modeled from the stone of Bosetta 
and two or three other monuments, enables us to read inscriptions en- 
tirely different; for example, the name.of Cleopatra on the obelisk of 
Phil6e, long ago transported into England, and where Dr. Young, 
armed with bis alphabet, could discover nothing. On the temple of 
Earnac, Ohampollion read twice the name of Alexander; on the Zodiac 
of Denderab, the title of a Roman emperor ; on the grand edifice above 
which it is placed, tbe names and surnames of the emperors Augustus, 
Tiberius, Claudius, Nero, Doinitian, &c. Thus, to speak briefly, we 

• Thi« will become clear to overy one, if wa Bwk, by following tlio Egyptian syHtoni. 
to compose liicroglypliics in the Krcnob longnago, A may bo rnpre»cuteil by (agaeau) 
a liunb, (ojflle,) au raglo, un wm, aucmoni!, urtioboko, &c. ; fi, by a balance, a whole, 
(baldiie,) a boat, &.c.; C, by eabana, (banner.) eheoal, (linrat',) cat, cellar, &.e.; E, by 
«pic, la sword,} eluphaot, fpagBeal. (apauii^l,) &o. Abbd, then, would bu Trriltea iu 
Fnnai hieroglyphics by putting any of tlio followiu); figures in succeiMioii : A lamb, 
ft balance, nn'hnlo, aaolopbanl; or un eagle, about, a sword, &e. Tbia kiutl of writ- 
iuglias Humo analogy, aa wo sec, with the rebus la which coufocttooers wrap tbeir boa- 
hoot. Tlius wu Hoe at what stage these Egyptian pritsts were, of whom antiquity tuts 
so much iHiasted, hut who, we must say, have taught ns so little. 

M. Cbani|>o11ion calls komapKonea all those signs wbich, ropresuuting the same sound 
oi the name articulation, can be substituted iudiffereutly for each other. la the actual 
etat« of the Ecyptian alphabet I perceive six or soveu homophoue aigua fiir A, and 
mure tbao twelve for the 0~n'' "i""!*.— Araool , - i 
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And on one hand the lively discassion to which the age of these moua> 
nentfi had giveu rise completely tenniniited : on the other, we ohserve 
it established beyond question that under the Roman dominion hiero- 
glyphics were still in full ose on the banks of the Nile. 

The alphabet which had giveu such nnhoped-for results, whether 
applied to the great obelisks at Karuac, or to other monumeuts which 
«re also recognized as being of the age of the Phtiraobs, presents to us 
the names bf many other kings of this aucieut race ; the names ot 
Egyptian deities; we can say more, substantives, adjectives, and verbs 
of the Coptic language. Young was then deceived when he regarded 
tbe phonetic hieroglyphics as a modern iuveutioD ; when he advanced 
that they served solely for the transcription of proper uames foreign to 
Egypt. M. de Guigncs, and, abo^'e all, M. £tie»De Qnatrem^re estab- 
Ii^«I, on the contrary, a real fact, and one of great importance — that 
tbe reading of the inscriptions of the Pharaobs is corroborated by irreeiat- 
ible proofs, while they show that the existing Coptic language waa that 
of the ancient subjects of Sesostris. 

We now know the facts. I may, then, confine myself to confirm, by 
a few short observations, the consequences which ax>pear to me to result 
&um them. 

Diecastiions of priority, even under the dominion of national preju- 
dices, will have become embittered if they cau be reduced to fixed rules ; 
but in certain cases the first idea is everything ; in others, the details ofi'er 
tbe chief difficulties; sometimes tbe merit seems to consist less in the 
conception of a theory than in its demonstration. We then infer how 
much the choice of a particular point of view must depend on arbitrary 
couditions; and, lastly, how much influence it will have on the defiuit« 
conclusion. To escape from these embarrassments, I have sought an 
example in which the parts resiiectively played by two rival claimants 
for an invention may be assimitatetl to those of ChampolHon and Tonug, 
and which has, on the other hand, united all opinions. This example, 
I beheve, 1 have found in the interferences, even leaving out of tbe ques- 
tioD, as regards the subject of the hieroglyphics, the quotations from the 
memoir of M. de Guignes. It is as follows : Ilooke, in fact, had an- 
nounced, before Dr. Yo[ing,that;luminousmysinterfered, just as the latter 
had asserted, before Ghampollion, that the Egyptian hieroglyphics avo 
eometimes phonetic. Hooke did not prove directly his hypothesis; the 
proof of the phonetic values assigned by Young to different hieroglyphics 
coold only rest on readings which had not, as yet^ been made, and which 
could not then be made. From want of knowing the composition of 
wbite light, Hooke had not an exact ide» of the nature of interferences, 
as Young on hie part deceived himself by an imagined syllabic or. dis- 
yllabic value of hieroglyphics. Young, by unauimous consent, is 
regarded as the author of the theory of interferences. Thence, by a 
parity of reasoning which seems to me inevit^tble, Cbampo^ion ought 
to be regarded as the author of the discovery of hieroglyphics. 

I regret not to have sooner thought of this comparison. If, in his 
lifetime. Young had been placed in the alternative of being the origiuiv- 
torof the doctrine of interferences, leaving the hieroglyphics to Cham- 
pollion, or to keep the hieroglyphics, giving up to Ilooke the iugenions 
optical theory, I do not doubt he would have felt obliged to recognize 
^ claims of our illustrious fellow-countryman. At all events, there 
would have remained with him what no one could have contested, the 
right to appear in the history of the memorable discovery of the inter- 
ivetation of hieroglyphics in the same relative positioD as t^t in wfaicli 
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Kepler, Borelli, Hooke, and Wren appeared in the histoi; of nniveratd 
gravitation. 

Note, — We have here put before onr readers the literal Tcraion ol 
Arago's statemeot respecting the claims of Young in regard to the dis- 
covery of the principle of interpreting the Egyptian hieroglyphics. 
Arago's representations have been, as is well known, greatly called Id 
question. And thongh he througliont speaks in a tone of marked 
courtesy and candor toward Yoong, yet itjs clear that he espoases the 
cause of Champollion with an ardor which many, in this conntrj', believe 
has, in some degree, blinded hira to the truth of the case. At any rate, 
in the vivid and hiehlj-colored sketch here presented by M. Arago, the 
reader may need some caution in discriiuiuating the fair share of merit 
which may be claimed by the respective parties engaged in the inquiry. 
The author's national partialities may very naturally have had some influ- 
ence in biasing bis judgment. It is impossible here to enter on detaila 
of controversy. But both as to tlie actual amount and accuracy of Dr. 
Young's investigations and the relative claims of M. nharopollion, the 
reader may find it desirable to refer to the extended discnssion of the 
subject given in Dr, Peacock's Life of Young. Without the pretension, 
or in<Ieed the possibility, of adequately going into this question within 
the limits of such a commentary as can be here given, we shall content 
ourselves with ]>ointing out to the notice of our readers a few of those 
passages in that work in which Dr. Young's claims are powerfully vin- 
dicated. The conclusions turn out such a variety of points of details 
that it would be wholly impracticable to attempt any analysis of them 
in this place. But the resnit tends to aasign a considerably larger share 
of credit in the discovery to Dr. Young than Arago seems disposed to 
allow him. Dr. Peacock's able and elaborate work is doubtless in tha 
hands of all those who take any interest in a question so important to 
the advance of philological apd ethnological science as well as to gen- 
eral literatnre. Yet a dight sketch of the chief points referred to may 
not be useless. 

We may first mention that Dr. Young's article " Egypt," in the Snp- 
plement to the Eocjclopedia Britauuica, published in 1819, contains the 
most comprehensive survey of his labors and conclusions on the subject 
of hieroglyphic literature up to that date. It does not profess to go into 
those minutiae of critical detail, for which reference must be made to 
his numerous other writings on the subject : but as a general and popa- 
lar view it will always he consulted with advantage. ITevertheless, the 
reader must always bear in mind that in the statements just given mach 
had to be revised, or even reversed, from the improved disclosures of 
his later researches. 

Dr. Peacock has alluded bnt briefly to the views of Arago, and toward 
the conclusion of the chapter snms up the representation of the case as 
given in the ilotfe, remarking only that the whole of his previous state- 
ments constitute the refutation of it. 

The following extract will show the main claims of Young, insisted on 
by his biographer : 

"It was Dr. Young who first determined, and by no easy process, that 
the rings* on the Rosetta stone contained the name of Ptolemy. It 
was Dr. Young who determined that the semicircle and oval, found at 
the end of the second ring, in connection with the former, was expressive 
of the feminine gender ; and it was Dr, Young who bad not only flrot 
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iOf gtwted that tbe cbaracters in ttie ring of Ptolemy were phonetic, bat 
had (Jetermined, with one very nnimportaat inaccuracy, the values of 
four of those which were coromou to the name of Cleopatra, which were 
required to be analyzed. All the principles involved in the discovery 
of an alphabet of phonetic hieroglyphics were not only distinctly laid 
down but fully exemplified by him ; and it only required the fnrther 
identification of one or two royal names with the rings, which expressed 
them in hieroglyphics, to extend the alphabet already known sufficiently 
to bring even names which were not already identified under its opera- 
tion," 

Dr. Peacock states that Champollion and Young, while engaged sim- 
nltaneouBly in the prosecution of tbe researches connected with these 
points, in some instances had opportunities of personal commiinicatioQ 
with each other. But Champollion enjoyed especial advantages from 
circnmstfliices which placed some of the papyri in his possession, and 
thna envied him to take precedeuce in the publication of results; 
while his competitor, if he bad enjoyed the same facilities, would, no 
doubt, have been eqnally competent to perceive the force of the new 
evidence thus adduced, and equally ready to make use of it, even if set- 
ting aside some of his earlier inferences and conjectures. 

Dr. Peacock, after reflecting with much severity on Champollion, ex- 
presses his regret to find so eminent a writer as Cbevalier Bunsen, 
whose remarks are quoted before, (p. 311,) " supporting, by the weight 
of hisautbority, some of the grossest of these misrepresentations," (p. 
337.) 

Dr. Yonng displayed singular modesty and forbearauce in his contro- 
rersy with Cbampolliou, treating him throughout with ati tbe resi)et:t 
dnetoliis acknowledged emiueuce, aud while mildly reproaching him 
with omitting to give him tbe duo credit for bis own share in the re- 
Bcarch, yet in no way insinuating that any discreditable motive led to 
the omission. Dr. Peacock, however, thinks a far more stringent tone 
of criticism might have fairly applied ; he takes up the cause of Toung 
with a less scrupulous zeal, and, though with perfect good temper, yet 
with deeply damaging force of argument and statement of facts, ex- 
pwes the very unjustifiable nature of Champollion's assumptions, and 
vindicates the claims of 7oung to his fair and important share in tliese 
discoveries. He dwells on the tone of assumption in which Cbampolliou 
presents himself to his readers as in exclusive possession of a province 
of which he had long since been the sole conqueror, and regards every 
question raised as to his exclusive rights as an unjnstifiiible attack to be 
resented and repelled, while be studiously suppresses the dates of the 
sarcessive stages of the discovery, aud thus attacks Young on the tts- 
urtions made on imperfect knowledge in tbe earlier stages of his in- 
vestigations with the aid of all bis own aecumnlated intbrmatiou ac- 
quired Rubseqneutly, a proceeding the iniquity of which needs only 
BUtingto stand exiK>sed. As instances of this, it is mentioned that 
Toung, in 1816, on the strength of comparatively imperfect information 
then acquired, made some representations respecting the eachorial oliar- 
actcrsin the Rosetta inscription, and their relation to those em|iloyed 
in the funeral rolls- These Champollion criticises and exposes witliout 
i«serve from the more full knowledge he bad obtained iu 182^ entirely 
passing over Young's own later statement on the same subject, correet> 
ing his former views, and from which even Dr. Peacock considers Cham- 
poilion himself probably derived a large portion of his own knowledge of 
tlie subject. Dr. Peacock has collected iu one point of view Champol- 
fioD'smaiu assertions as representing tbe state of the case. But he has^ 
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sLown that some of the propositions dwelt npon were, in point of fact, 
never maintained by Dr. Tonng ; and it was chiefly by his lat«r re- 
searches that the erroneous impressions at first entertnincO, respecting 
the points to which they relnte, had been corrected and their true na- 
ture established. 

In 1821 Champollion denied altogether the existence of an alphabetic 
element among the hieroglyphics ; bat in the following year he 
adopted the whole of Young's principles, and applied them with one 
modification only. The analogy of certain marks in the Chinese hiero- 
glyphics to signify proper names, the principle that the phonetic power 
of the symbol is derived from the initial letter or syllable of the name 
of the object which it represents in the Egyptian language, are among 
the chief of those which be borrows without acknowledgment, or claims 
without regard to their prior announcement by Touug. " It wonid be 
difficult," says Dr, Peacock, "to point out in the history' of literature a 
more fiagmut example of disingenuons suppression of the teal &ct8 
bearing on an important discovery," — Translatoh. 

MISCELLANEOUS VTOBKB OP DB, TOUMG. 

The limits prescribed do not permit me even to quote the mere titles 
of all the numerous writings which Dr. Young published. Nevertheless 
the public reading of so rich a catalogue would certainly have sufficed 
to establish the celebrity of our colleague. Who would not imagine, in 
fact, that he had before him the register of the labors of several acade- 
mies, and not those of a single individual, on hearing, for instance, the 
following list of titles : 

Memoir on tho EstoHiahmonts whew Iron is wrought. 

Esaajson Music and Paintin|[. 

Remarks on tlie Hiibita of Spiders ivnil tbe Thonry of FftbriciuB. 

On l.he Stability of the Arcbos of Bridges. 

On tlie Atuiosphuro ef tbo Mood. 

Description of 5 new Species of Opercnlaria. 

Matlieiniitical Thc-ory of Epicycloidnl Ciirros. 

Restoration nnd Tninslation of different Greek InacrintionB. 

Od ttie Means of Stroogtheuiog tbo Coustrnction of SnipH of tbo Liun. 

On tbo Plav of tbe Heart and of tbe Artorioa iu the Phonomeua of Cirvulation. 

Theory of tides. 

On tho DiseoaeB of the Cheat. 

On tbe Friction of tbe Axes of Machines. 

On the Yellow Fever. 

On tbe Calculation of Eclipses. 

Essays on Grauimtir, &c.' 



Labors so numerous and varied seem as if they must have required 
tbe laborious and retired life of that class of men of science, which, to 
say the truth, is beginning to disappear, who from their earliest youth 
separate themselves from their companions to shut tliemselves up com- 
pletely in their studies. Thomas Young was, on tbe contrary, what is 
usually called a man of the world. He constantly frequented the best 
society in London. The graces of his wit, tbe elegance of his manners, 
were amply snfficient to make him remarkable. But when we tlgure to 
ourselves those numerous assemblies in which fifty different subjects in 

' Tbis list, it should be Irarue in mind, is intended by tlio aittbor merely aa a apeci- 
men of tho vast oatolor- " ' ' ■^lffht bo made of Young's writings j the reader will 
find ample details as t 'ile productions in Peacock's Life. — Tkamslatob. 
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tarn are Bbimmed over in a few minutes, we may conceive what valao 
would be attached to one who was a true living library, from whom e\'ery 
one could find, at a moment, an esact, precise, subslantiai answer on 
all kinds of qnestious which they could propose to him. Young was 
mneh occupied with the fine arts. Many of his memoirs testify the pro- 
found knowledge which he hud happily acquired of the theory of music 
He carried out also to a great extent the talent of executing it ; and I 
believe it is certain that of all known instruments, even including the 
tScottiBh bagpipe, only one or two could be named on which he could 
not play. His taste tor painting developed itself during a visit which 
he paid to Germany. There the magnificent collection at Dresden ab- 
Borlied his attention entirely j for he aspired not solely to the easy credit 
of connecting together, without mistake, the name of such or such an 
artLst with such or such a piiinting; the defects and the characteristic 
qualities of the greatest masters, tbeir frequeut changes of manner, the 
material objects which tUey introduced into their works, the modifica- 
tions which those objects and the colors underwent in progress of time, 
among other pointa, occupied him in succession. Yonng, in one word, 
studied painting in Saxony as be bad before studied languages in his 
own country, and aa he afterward studied the sciences. Everything, 
io fact, was a subject of meditation and research. The nniversity 
contemporaries of the illustrious physicist recalled a laughable iostauco 
of this trait of his mind. They related that entering his room one day, 
when for the first time he had taken a lesson in dancing the minuet, at 
Edinburgh, they found him occupied in tracing out minutely with the 
mle and compasses the route gone thi-ough by the two dancers, and tho 
difTerent improvements of which these figures seemed to him susceptible. 
Young borrowed with happy effect from the sect of the Friends, to 
which he then belonged, the opinion that the intellectual faculties of 
children differ originally Irom each other much less than is commonly 
Bupposed. "Any man can do what any other man has done," became 
his favorite maxim. And further, never did be personally himself recoil 
before trials of any kind to which he wished to subject his system. Tho 
first time he mounted a horse in company with the grandson of Mr. Bar- 
clay, the horseman who preceded tbem leaped a high fence. Young 
'wisbed to imitate him, bnt he fell at ten paces. He remounted without 
eaymg a word, mitde a second attempt, was again unseated, but this 
time was not thrown further than on the horse's neck, to which he 
cliiog. At tho third trial the young learner, as his favorite motto taught, 
eneceeded in executing what another had done before him," This exi)eri- 
ment need not have been referred to here, but that it had been repeated 
at Edinburgh, and afterward at Gottiugen, and carried out to a further 
extent beyond what might seem credible. In one of these two cities 
Toang soon afterward entered into a trial of skill with a celebrated 
rope-dancer ; in the other, (and in each case the result of a challenge,) 
be acquired the art of executing feats on horseback with remarkable 
Rkill, even in the midst of consummate artistes, whose feats of agility 
attract every evening such numerous crowds to the circus of Franconi. 
^us, those who are fond of drawing contrasts may, on the one side, 
represent to themselves the timid Newton, t never riding in a carriage, 
K> much did the fear of being upset preoccupy him, without holding to 



* Tbis anecdote neenis at varianco nitli nbat Is stated on the authority of a Cam- 
bridga coDtemporory of Yoime in Dr. Poocock'B Life, (p. 119,) that be only once thora 
Utempted to tollow tliu bounds, when r aevura iall prevented any farther exbibitioua 
ot tho Iciad.— XiuK»uTOR. 

tTliiB practice ha« been described as that of Newt«n'8, bnt the motive BMiffnod bj 
A»goi«noTcL "O'^rC 
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botti the doors with extended nrms, and, od the other, his distitiguiBhed 
rival galloping on the backs of two horses with all the confidence of an 
eqaestriaii by profession. 

In England, a physician^ if he does not wish to lose the confidence of 
the pablio, ought to abstain from occnpyiDg himself with any scientific 
or literary research which may be thought foreign to the art of coring 
dlBeases. Young for a long time did homage to this prejudice. His 
writings appeared under an aoonfmous veil. This veil, it is true, was 
very transparent. Two consecative letters of a certain Latin motto 
served successively in regular order as the signature to eacli memoir. 
But Young commnnicatcd the three Latin words to all his friends both 
in his own country and abroad, without enjoining secrecy on any one. 

Besides, who would be ignorant that the distinguished author of the 
theory of iuterfereiicea was the foreign secretary of the Royal Society 
of London ; that he gs^ve in the theater of the Royal Institution a course 
of lectures on mathematical physics ; that, associated with Sir H. Davy, 
he published a journal of the sciences', &c. 1 And, moreover, we must say 
that his anoDymous disguise was not rigorously observed even in his 
smaller memoirs ; and on important occasions, when, for instance, in 
1807, the two volumes in quarto appeared, of 800 or 000 pages e,ach, in 
which all branches of natural philosophy were treated in a manner so 
new and profound, the self-love of the author made him forget the in- 
terests of the physician, and the name of Young in targe letters replaced 
the two small italics, whose series was then terminated, and which 
would have figured in a rather ridiculous manner in the title-page of 
this colossal work. 

Young had not then, as a physician, eitherin Loadon or at Worthing, 
where he [)a.S3ed the sea-bathing season, any extended practice. The 
public found bim, in fact, too scientific. We must also avow that his 
pnbiic lectures on medicine, those for instance which be delivered nt 
St. George's Hospital, were generally but ill-attended. It has been said, 
to explain this, that his lectures were too dry, too full of matter, and 
that they were beyond the apprehension of ordinary understandings. 
But might not the want of success be rather ascribed to the freedom, 
not very common, with which Young pointed out the inextricable diffi- 
culties which encounter us at every step in the study of the numerons 
disorders of our tl^il machine I 

Would any one expect at Paris, and especially in an age when every 
one seeks to attain his end quickly and without labor, that a professor 
of the faculty would retain many auditors if he were to commence with 
these words, which I borrow literally from Dr. Young: "No study is 
so complicated as that of medicine ; it exceeds the limits of human in- 
telligence. Those physicians who jH^ecipitately go on without trying to 
comprehend what they observe, are often just as much advanced sis 
those whogive themselves up to geueralizations hastily made on obser- 
vations in regard to which all analogy is at fault." And if the profes- 
sor, continuing in the same style, should add, " In the lottery of medi- 
cine the chances of the possessor of ten tickets must evidently be greater 
than those of the possessor of five," when they believed themselves en- 
gaged in a lottery, would those of his auditors whom the first phmso 
had not driven away be at all disposed to make any great efforts to 
procure for themselves more tickets, or, to explain the meaning of our 
professor, the greatest amount of knowledge possible ! 

In spite of his knowledge, perhaps even from the very cause that it 
was so extensive, Young was totally wanting in confidence at the bed- 
side of the paticut. Thp" f"* mischievous efi'ects which luijght event- 
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wJly resnlt from the action of the medidne, even the most clenriy 
called for, presented themselves in a mass to bis mind; seemed to conn- 
terbalauce the favorable chances which might attend the use of them ; 
and tbaa threw him into a state of indecision, no donbt very natural, . 
vet on which the public will always put an unfavorable construction. 
The same timidity showed itself Id all the works of Young which treated 
on medical subjects.* This man, so eminently remarkable for the bold- 
ness of his Bcienti&c cooceptions, gives here no more than a bare eoumern- 
tion of litcts. He seems hardly convinced of tbe soundness of his 
thesis, either when he attacks the celebrated Dr. RadclifFe, whose whole 
secret in the most brilliant and successful practice was, as he has him- 
self said, to employ remedies exactly the reverse of the usual way ; or 
■ when he combats Ur. Brown, who found himself, as he says, in the dis- 
agreeable necessity of recognizing, and that in accordance with the offi- 
cial documents of an hospital, attended by the most eminent piiysicians, 
that, on the average, fevers left to their natural course are neither more 
severe nor of longer duration than those treated by the best metbods. 

In 1S18 Young, having been named secretary to the Board of Longi- 
tode, abandoned entirely the practice of medicine to give liimself up to 
the close superintendence of the celebrated [>eriodical work known 
DDder the name of the Nautical Almanac From this date the Journal 
of tbe Boyal Institution gave every quarter his numerous dissertations 
on the most important problems of navigation and astronomy. A vol- 
ume entitled " Illustratiifl of the M^canique Celeste of Laplace," a scien- 
tific discussion on the tides, amply attested that Young did not consider 
the emploj'ment he had accepted as a sinecure. Tliia employment be- 
came, nevertheless, to him a source of unceasing disgust. The Kautical 
Almanac had always been, from its commencement, a work exclusively 
dffltined to the service of tbe navy. Some persons demanded that it 
oDgbt to be made, besides, a complete astronomical ephemeris. The 
Board of Longitude, whether right or wrong, not having shown itself a 
Rtroug partisan of tbe projected change, found itself suddenly the object 
t£ the most violent attacks. Tbe journals of every party, whig or tory, 
took part in the condict. 

We were no longer to view it as a nnion of sncb men as Davy, Wol- 
lastOD, Yonng, Herschel, Kater, and Pond, but an assembly of Individ- 
nals (I qnote tbe words) "who obeyed a Boeotian influence." The 
Nanticol Almanac, hitherto so renowned, was now declared to have be- 
come an object of shame' to the English nation. If an error of the 
prtss was discovered, such as there must be in any collection of figures 
at all voluminons, the British navy, from the smallest bark up to the 
colossal three-decker, misled by an incorrect figure, would all together 
be engulfed in the ocean, &c. 

It has l)een pretended that the principal promoter of these foolish 
eiaggerations did not i)erceive such foolish errors in the Nautical 
Almanac until after he had unsuccessfully attempted himself to obtain 
& place in the Board of Longitude. I know not whether the fact was 
w. In any case, I would not make myself the echo of the malicious 
ceminentaries to which it gave rise. I ought not to forget, in fact, that 

•Tbis liniiility iu medical wpficnUtioD is cntirelj- borne out by ibe t^nor of YoUDg's 
IntpJlettnal cbaracter, m exhibited in such forciblu lineumcuta in the portr.iit presented 
to 08 by Dr. fcacock. Hiamind waa cane nti ally rast tn amatlcr-of-fiict.piMitlve, dcraon- 
Kmtire mold ; hence all subjectaof abatroctordoiibtfnl inquiry, in v'bich probabilities 
iliHis cmilil bo eBtiDiatcd, or wben the conclusions nero to be the result of moral dis- 
e utterly unanited to bim. Ilia medical chnrocler has been Tiewed, 



(See «specj ally pp.213, 322.)— TRA^siATOp)o|i,' 
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for many years i>ast that member of tbe Royal Society to whom I allnde 
has nobly demoted a part of bis large fortune to the advancement of 
science. This eommeudable astronomer, like all men of science wbose 
tboughts are concentrated on one sole object, fell into tbe error, which 
1 do not pretend to excnse, of measuring through a magnifying-glasB 
the importance of the projects bo had conceived. But that with which, 
aboTc all, be must be reproached is, that be did not foresee that tbe 
hypertwlic language of his attaclcs would be taken literally ; that he 
forgot that at atl epochs and in all conntries there are a great number 
of i)er3ons who, having nothing to console them for their littleness, seize 
as a prey on all occasions of Bcaudal, and, under tbe mast of zeal for 
the pabiic good, enjoy the delight of being ignoble defamers of those of 
their contemporaries whose success has been proclaimed by fame. In - 
Home, he whose office it was to insult the trinmpbant conqueror was 
altogether a slave ; in London it was a member of tbe House of Com- 
mons from whom the men of science received a cruel affronts An orator 
notorious for his prejudices, but who had hitherto vented bis bitterness 
only against productions of French origin, attacked the most celebrated 
names in England, and retailed against them, in open Parliament, 
puerile accusations with a laughable gravity. Ministers, whose elo- 
quence was exercised for hours on the privileges of a rotten borough, 
did not prououDce a single word in favor of genius. The Board of 
Longitude was suppressed without opposition. The next day, it is true, 
the wants of au innumerable marine service iffhde their imperative voice 
heard, and one of the men of science who had been displaced, the former 
secretary of the board. Dr. Young, found hiiuself recalled to his old 
labors. Paltry reparation ! Would the man of science feel less the 
separation from his illustrious colleagues T Would tbe man of feeling 
less perceive that the noble fruits of liuman intellect were subjected to 
tariff by the representatives of tbe country, in pounds, shillings, and 
pence, like sugar, pepper, or cinnamon T 

The health of our colleague, which had already become somewhat 
precarious, declined from this sad epoch with fearful rapidity. Skillful 
physicians, by whom he was attended, soon lost hoi>e. Young himself 
had a consciousness that bis end was approaching, and saw it come with 
au admirable calmness. Untit his last hour he occupied himself with- 
out intermission on au Egyptian dictionary then in tbe press, and which 
was not published till after his death. When bis powers did not permit 
him any longer to sit up or to employ a pen, he corrected tbe proofs 
with a pencil. One of the last acts of bis life was to exact the sup- 
pression of a small publication written with talent by a friendly band, 
and directed against aU those who had contributed to the destruction of 
the Board of Longitude." Young died surrounded by a family by whom 

* The whole accoDut of the tranaactions connected with tbe abolition of tbe Board 
of LoDgiCiiile must be received with some qaalitlcatioii. Arago writes on tlie subject 
in bis usual Tchement tone, and in tlie fcolinf; in which tbe whole ufl'iiir would 
natDTalljr be viewed by n foreigner perfaapB not iulimatcly acquainted with the 
minute points of the case, and the eolnl^wl)at ditTerent relative pcisition occnpiml by 
the partiM in England to that in which they might stand in iYsnco. It may bo rieb't 
very briefly to point ont a few particulars in tho case, which are necessary for forming 
n coTTOct impression nf it. The Board of Longitude, oriuinally inBtitut«d, as its nauio 
Implied, fur one specific object, which it was considered ho^l been aufilciently itttaiued, 
was, in 1B18, remodeled by act of Porliomont, when Dr. Young nns appointed secre- 
tor; to tbe board and superintendent of the Nautical Almanac. The lute Mr. F. Daily, 
whose eminence iu OHtronomicnl science may perhaps be dated from that event, 
Btrongly pointed out the numerous defects of the Nantical Almanac. TJiis led to some 
contruvorsj of rather a sharp nature between biraself and Dr. Yonng, who defended 



tbe eiiatiug syatoui. Other aatrouomen Joined in the desire for tluse uul ^yep mora 
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he was adored, May 10, 1839, barely at the age of flfty-six. Examina- 
tioD showed that he suSered from ossification of the aorta. 

I have not dwelt too long on tbe task imposed on me if I have bronght 
oat, as I wished to do, the importance and novelty of the admirable law 

extdnsive unproTements, all which (nith one sligbt conceasioD) wore ateadilj opposed 
by Dr. Young. Among these advocatea for reCinn wer& several muDtbors of the bonrd 
iUel^ who urged thnin at itii uieetinga. There wax also a very prevalrnt impression, 
CTen among ita own moiubers, that the tniard was uot well constituted, and uijght 
have beeu capable of uiucb better service to tlie nation if its fiinctioua were lo»s re- 
nricted and the setootiim of its nioaibe» placed on a bettvr footing. In other quor- 
ttn impreMions uafavorablo to its utility were prevalent, and it cun hardly be matter 
of surprise that, when tbo board was IL'telf divided in opinion, the public or the legis- 
lature ihoaid entertain donbts of its utility, or even hostile fealiuss toward it. What 
were the precise notions of tho government, or tlie nmchinations by which they wore 
infltieoced, it in impossible to Buy ; bnt it is certain that, in lW>i, chiefly tlirough the 
inflneaee of Mr. Croker, its dissoliitioD was determined npon and carried by act of 
Parliament without any opposition being att-ompted. Instead, liowover, of an enlai^ed 
board, with increased powers, three scientifloadvisersof theadmiralty were unpointod, 
of whom Dr. Young was one, TotBiumg the supuriutendence of the Nautical Almnnac — 
a system which has been since remodeled j in socordance with the report of a committee 
afpointed out of tbe Astronomical Society. 

Dr. Young appears all along to have been nfiectB<l only by the personal acrimony of 
mnai of tho attacks upon himself in relation to thu editorshLp of tbe Mantical Almanac, 
and not at all by any feeling for the Board of Ijongitudo, as Arugu would regard iL 
That board, as already observed, was divideil ngaiuHt ilself, and it therefore ^11. It 
was never upheld on tho only ri);ht ground. Neither thu board nor tho friouils of 
•deDce sufficiently nrgeil the atruntr and irresistible claims which they might have 
preferred to tho govcmmcut of the country, that "a council of science," with «xt«niled 
powem, properly selected and adequately remunerated, would bo the appronriato nd- 
jonct of tbe government of a country all whose resources are so powerfully doveloped 
in exclusive dependence on the applications of science. 

Tbe government would thus nave had the moans of sound scientiltc advice con- 
itantty at hand, of which eiperiencn proves they are in daily want on every emer- 
geucy, and which they obtain by asking the gratuitous services of mpu of science, and 
the Crown would have (losaessed the means of making a {graceful ackoonledguient of 
the aervioes, and paying a just tribute to the genius ot men devoted to tho higher 
tesnches of the abstract ecieucee, which arc of a nature iueapablo of themselves of 
•Bbtdiug any kind of renmucration, or, in tho ordinary course, leading to any of those 
Iwoon or preferments which await eminence in other professions.-^TiUKSLAi'OR. 

Tho reader may be referred, for details of the questions here considered, to the fol- 
lowing documents: 

1. ''Aatfonouiicnl Tables and Remarks for 1832 ; published December, 1^1," by F. 
Baily, esq., with '' Bemarks on the present defective State of the Nautical Almanac." 

2. A reply to these remarks appeared in Mr. Brando's Quarterly Journal of Science, 
April, ISH. (Attributed to Dr. Young.) 

3. Practical observations on the Nautical Almanac, &c., by James South, F. B. 8., 

4. Reply to a letter in tho Morning Chronicle rohitive to the goveromont and astro- 
nomirol science, An., by tho same. 1839. 

5. itefdtatioii of misstatements. &,c., in a paper presented to the admiralty by Dr. T. 



S. JtefiitBtioii of misstatements. &c., m a paper presented to t 
Tonn^, and printed by oi'der of the House of Commons, by the 



6. Farther n^marks ou the present defective state of the Nautical Almanac, Ac, br 
r. Baily, esq., F. K. S., &c. ItiiiB. 

7. Beport of the committee of the Astronomical Society relative to tbe improvement 
of the Nautical Almanac, adopted by the council of the society, and approved and 
(ffdered to do (arriod into cdect by the lords coinmissioneis of tlio odniiraltf , leSO. 
(XemoiTS of tho Astronomical Society, vol. iv, p. 447.) 

8. A motion was made in the llouso of Commons February S3, 1839, for ecTtaio 
ntuniB respecting the Board of J^ugitude and the Nautical Almanac, &o. Tho le- 
toms were made and printe<t, consisting of: 1, A inemoratidum of a statemont made 
to tbe chancellor of the exchequer for reforming the Nautical Almanac and estab- 
Ulfament of a new Board of Longitude, ii. A paper read at the board by J. Herschol, 
esq. 3. A report on a momorandum, Ac, by Tiiomas Young, M. D. In the last. Dr. 
Yonng makes answiT to what be considers ubjeotions raised in the " Memorandum," uid 
alio replies to tbose of Mr. Baily and Sir. South. Sir J. Sonlh's pamphlet contains 
the ItemuTondnm, the objections raised or inferred by Dr. Young, his replies to them ; 
>□ which sre severely criticised. At page 60 is a curious account of aonie discusdona 
•t Ur H. Davy's toirte, between Sir J. South and Di. Young. . ~~ i 



140 EULOGT 01? THOUAS TOimQ. 

of interferences. Young is now placed before yonr eyea as one of the 
most illustrious men of scteuce, in whom England may justly take pride. 
Tour thoughts, anticipating my worda, may perhaps perceive already, 
in the recital of the just honors shown to the author of so beautiful a 
discovery, the peroration of this historical notice. These auticipatioos, 
1 regret to say, will not be realized. The death of Young has in his own 
country created very little sensation. The doors of Westminster" Ab- 
bey, so easily accessible to titled mediocrity, remained shut upon a man 
of geuiua, who was not even a baronet It was in the village of Fam- 
borongh, in the modest tomb of the family of bis wife, that the remains of 
Thomas Young w^re deposited. The indifference of the English nation 
for those scientific labors which ought to add so much to its glory is a rare 
anomaly, of which it would be curious to trace the causes. I should be 
wanting in friinkness, I should be the panegyrist, not the historian, if I 
did not avow that, in general, Young did not sufficiently accommodate 
himself to the capacity of his readers; that the greater part of the writ- 
ings for which the sciences are indebted to him are justly chargeable 
with a certain obscurity. But the mJglect to whicli they were long con- 
signed did nob depend solely on this cause. 

The esact sciences have an advantage over the works of art or imagi- 
nation which has often been pointed out. The truths of which they 
consist remain constant through ages without suffering in any respect 
from the caprices of fashion or the decline of taste; but thus, when 
once the^c researches rise into more elevated regions of thought, on how 
many competent judges of their merits can we reckon T When Bicbelien 
let loose against the great Corneille a crowd of that class of men whom 
envy of the merit of others renders furious, the Parisians veliemeotly 
hissed the partisans of the desx>ot cardinal, and applauded the poet. 
This reparation is denied to the geometer, the astronomer, or the physi- 
cist who cultivates the highest parts of science. Those who even com- 
petently appreciate them throughout the whole extent of Europe nevei 
rise above the number of eight or ten. Imagiue these unjust, indifferent, 
or even jealous, (for I suppose that may sometimes be the case,) and the 
public, reduced to believe on hearsay, would be ignorant that D'Alem- 
bert had connected the great phenomenon of precession of equinoxes 
with the principle of universal gravitation; that Lagrange had arrived 
at the discovery of the physical cause of the libration of the moon; 
that since the researches of Laplace, the acceleiration of the motion of 
that luminary is found to be connected with a particular change in the 
form of the earth's orbit, &c. The journals of science, when they aro 
edited by men of recognized merit, thus acquire, on certain subjects, 
an influence which sometimes becomes fatal. It is thus, I conceive, that 
we may describe the influence which the Edinburgh Review has some- 
times exercised. Among the coiitributers to that celebrated journal at 
its commencement, a young writer was eminently distinguished, in whom 
the discoveries of Newton had inspiretl an ardent admiration. This 
sentiment, so natural, so legitimate, unfortunately led bim to miscon- 
ceive the plausible, ingenious, and fertile character of the doctriuo of 
interferences. The author of this theory had not, perhaps, always tjiken 
care to clothe his decisions, his statements, his critiques, with those 
more polished forms of expression the claims of which ought never to 

■ The ft'equentora of Poet's Corner need not be remiudecl tbat litcratore aud Mience 
are not excluded from tbeir shore of fiinereal honoTB in Wcetniinater Abbef. M. Arago 
bere, uH in some other pawiaKCB, may natumlly be a little incorrect in rcfcrritig to 
nation.'vl nsn;;ea. The delay which occiTited in'racord to Young's monument is, how- 
evei, not folly explained by Dean Peococdi. (SeeL&of Youug, p. 48a.>-T8Utfii, 



EOLOGT as THOMAS TOUHO. 141 

be neglected, and which, moreover, became a matter of imperative 6.ntj 
when the question referred to the immortal author of the Natural Phi- 
losophy,* {the Prineipia t) The penalty of retaliation was applied to him 

' It wenia impcesllile to mcilie this aenteuco iiiteUlgible, aulcsB we anpnooe the " im- 

DtoHUautbnr''BTOkcnof tolieKowtoD.HTidliyconseqiieacetliatthe tit1uA'at1lraIPJkiI<]•- 
^p*lf was aalipof the writer'Bppn for Prineipia. Yet the mippositloDthat Ihe hoatility 
oirUieEdiiibnrfch Ituview wm at all called forth hy any want of courtwy toward New- 
ton in the writings of Young is wholly unsopported by anything in Yonng's papen, 
in which hfe cites the views of Newton with the areateat respect.— Tram blator. 

Seuton'a svpporl of the emiteion theorii of light. — The authority of aamM can never bo 
of an; avail to the Irnly indnctive ^ilosophcr ; his motto is emphatically "nulliiu in 
lata," Bat there has hc«n always a propensity among writers on the subject to dwelt 
<n Hicb authority, and to array great names on either side of any of those cod troverted 
points wbich have divided the acientific world. Perhaps, where the question la pnrely 
■ne of opinion, and refi^rs simply to hypothones upheld for what they are worth as 
•och, the weight of a name may not he unworthy of due estimation : groat ezperieuce 
ud tii^h geDTns may add valne to a pnre hypotlKiU, though it c«u]d not to a poeitiva 



.. .- lit regard to tbeoriee of light this has been conspicaoDsly exemplif.__, 

dmiDg a loDg continuance of controversial discuuion it has been a matter of triumph 
lotite opponents of the nndulatory theory that the authority of Newton is on (heir 
Bde. And even Arago, as well as some other supporters of it, haveapohen aslfregret- 
tisg that they were thus constrained to put toeraselvea in antagonism to Newton, 
They have iiictuied two rival theories, the one headod by Newton and supported by 
l^piace. Biot, Brewster, and Potter; the other upheld in opposition to thembyHny- 
gbens, Hooke, Euler, Fresnel, Young, Aiir, and all the Cambridge school. 

BbI a veiT slight iaqniiy into the real wits entirely dispels this view of the case. In 
fwticnlar, Dr. YuQDg Ltuuelf, in propoaiug his iheory, so Ear from opposing the Newto- 
niu viawB, expressly endeavors to conciliate attention by clainiDgtno weight of New- 
t«^ authority on Ai« oiwi »i^; thus, in his paper "On the thooiy of light and colon," 
(WiL Trans., 1801,) he commences bj highly extolling the optical researches of New- 
ton, and then observes, "Tboao who are attached, as they may bo, with the greatest 
jMiee, to every doctrine which is stamped with tbe Newtonian approbation, wiu proba- 
Ny be dispuaed to bestow on these considerations (i. <., his own views) so much tba 
Bote of their attention as they shall appear to coincide more nearly with Newton's 
gplsion.'* He then proceeds to oxamine in detail a number of passages from Newton'a 
wrlliDgi, in which the theory of waves Is distinctly upheld and even applied with some 
^isioD to the explanation of various phenomena of light, illnetiated by their aualo- 
IM to those of Bound. 

It is perfectly true that Newton, in the actual investigation of ssverot phenomena of 
l%bt, adopts other hypotheses than those of waves, and chiefly the idea of light 
(vhatevBT may he its nature) being subject to certain attractions and repulsions, to 
Mrtsia bendiugs when approaching near the edges of solid bodies, to certain peculiar 
swdiAcations or changus in its nature recurring periodically at certain minute inter- 
Tik along tbo leu^h of a ray, to the idea of a ray having "sides" endued with dif- 
faent properties; m a word, a variety of conceptions which ho introduces for the pur- 
pcse of giving some hind of imaginary physical representation of the moduK operandi in 
neb of the several curions esiierimenf al cases which he had cxauiaoiL In all these 
Oereisno nnity or conimnnity of priuciple; there is at least nothing like the spirit of 
tfatoTF, no continual recurrence to one loading idea, no perpetual appeal to any on« 
■riaeiplo, howover imagiuory, but an attempt in each iBolal^ case to frame something 
fikean isolated hypothesis to snit it, and in some way to represent its phonomena, 
ttongh without any attempt to connect them with tlie others. It may perhaps ho said 
ftat all these various suppositions agree in supposing light to he matenot, to be some- 
ttitig emitted from the luminoDB source. But on a closer examination it seems far 
fan certain that even thia can be maintained. The only part of these Investigations, 
Mbaps, in which anything vory positive of tliiH kind is distinctly introduced, is when 
HBwtoD investigates the laws of refraction on the eipreM supposition of small mole- 
nba attracted i>y the molecules of the medium. Bnt in this iuatanco it has been truly 
otaerved that, at the time when Newton wrote, no mathematical method existed by 
wUch this kind of action could be reduced to calcnlstiou, except those involving tho 
Mion of attractive force. To give, then, a mathematical theory of ordinary reflection 
sod re&action, he was necessitated to make use of this method. When be came to in- 
vssligBt« those more recondite nbenomeua which he (very appropriately to their op- 
f^^d nature) called " infection," tbe idea most naturally and obviously presented was, 
Ibat Boine power or inStience, analogous to attraction and repulsion, existing in the 

ats of an opMgne body to bend out of their oonrse rays passiog Tery near it, and Uiis 
^t seciD to imply the materiality of those rays. A kindofMltntoNny action of this 
a which be imoEined necessary to acconnt for a part of the efl'ect, would, however, 
y be roBOiicilahle to the idea of direct emission. It would bo a dlfflcult nuUtec 
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\ritb interest; the Edinbargb Revie^ attacked tbe man of eraditioD, 
the writer, the geometer, the experimenter, with a vehemence, with a 
severity of expression, almost without example in scientific discussion. 
The public usually keep on their guard when soch violent language is 
addressed to them ; but in this instance they adopted, at the first onset, 
the opinions of- the journalist, in which we caunot fiiirly aucnse them of iu- 
considerateness. The journalist, in fact, was not one of those unfledged 
critics whose mission is not justified by any previous study o^ the sub- 
ject. Several gowl papers, received by the itoyal Society, had attested 
his mathematical knowledge, aud had assigned him a distiugnishcd 
place among the physicists to whom optical science was indebted; the 
profession of the bar in London had acknowledged him one of its shin- 
ing luminaries; the whig section of the House of Commons saw in him 
an efficient orater, who, in parliamentary struggles, was often the happy 
antegonist of Canning. Tliis was the future itresident of the House ot 
Peers — the present lord chancellor." How could opposition be offered 
to unjust criticisms proceeding from so high a quarter^ I am not igno- 
rant what firmness some minds enjoy in the consciousness of their being 
in the right, in the certainty that sooner or later truth will triumph; 
but I know, also, that we shall act wisely in not reckoning too much on 
snch exceptions. Listen, for example, to Galileo himself, repeating Id 
a whisper, after his abjuratiati, " J7 pur si muove!" and do not seek iu 
these immortal words an augury for the fnture, for they are but the ex- 
pression of the cruel vexation which the illustrious old man experienced. 
Toung, also, in writing a few pages which he published as an answer to 
tbe Edinburgh Review, showed himself deeply discouraged. Tbe 
vivacity, the vehemence of his expressions, ill concealed the sentiment 
which oppressed him. In a word, let as hasten to say that justice, com- 
plete justice, was at length rendered to the great physicist. After sev- 
eral years tbe whole world recognized in him one of the brightest lomi- 

to conceive particles dart«d tbrougb Rpace witb such iDconceivalile velocity aa most 
beloDK to those of light, and yet stoppiDK to wave about, in and ont, aa Nenlon nz- 

SreeaeB it, " like an eel," clnge to the edge of a iKidy, by virtue of Gomu tnyaterioiu in- 
nence vhioh it eierciaes upon tliem. 



» upon tliem. 

Again: tbe tboory of tboso alternating Btntes. conditione, or "flte," aa he temed 
tbem, at eneb minute iotervalB along the lonf^h of ray, alternately putting it in aetata 
to be refl<M;ted, and again to be tntnamitled by atmnspareut mf(litim,«i;em very remotie 
from the idea of a Blugle rectilinear progress of molecules tb to ugh space folloning one 
another at immeniM intervale of distance, thoiigb in inconceivably rapid sncceBsioa in 
time. It would be easy to extend sucb remailia; but it will probably bo seen, with 
eofflcient evidence for our present purpose, that neither in profession nor in fact can 
Kewton's name be appealed to as at all an exclusive supporter of the material hypoth- 
obIb of liglit, even if in other pasuagca he had not distiticlly refermd to that of undu- 
lations I and of those refeieuces a large number are quoted from diCTerent portions of 
Ills writings by Dr. Young in the paper above cited. In some of Iheso, while he ad- 
mits the readiness with which the idea of waves represents the phenomena, he yet 
dwells on certain api>ai«nt objections which seemed to Invalidate that idea. 

Upon the whole, it appears that the uanio of Newton can in no way be legitimat«1j 
claimed as a partisan of either theory. Indeed, it Is surprising that any claim of the 
kind could liave been set up ns rcgu-ds the emission theory, after his own distinct 
avowal : 

"Tia true, that from theory I argue tbe corporeity of light; but I do it without any 
absolute po^tivenesa, as the wort] ' perbops ' intimates; and malie it at most but a very 
plausible consequence of the doctrine, and not a fundamental suppoailion, nor so mncn 
as any part of it."— (Phil. Trans., vol. x, 1675, p. 5066.) 

While in respect to either hypothesis, it is sofBcienllv evident to those acqusinted 
with his writings that be never lyitmnaiioallg npbelil either the one or the other; but 
from time to time, aa each particolar investigation seemed to require, be adopted the 
one or the other principlo, just as it teemed to give the more ready explanation of the 
point before him. — THAKei^Toa. 

* Lord Broogliam, who hold that office when tliia biography was wiittaB. i 
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sariea of the age. It ia from France (and Yoong took pleasure in him- 
setf proclaimiDg it) that 'the first sign of this tardy reparation showed 
itself. I vill add that, at an epoch considerably before the doctrine of in- 
terfeiences had made converts either in Eugland or ou the Continent, 
Tonog found within his own family ciicle one who comprehended it, 
nod whose assent to it might well console him for the neglect of the 
poblic The distinguished person whom I here point out to the notice 
of the physicists of Europe will excuse me if I complete this indiscre- 
tion by stating the circumstances. In the year 1816 I made a tour in 
EnglaDd with roy scientific frieud, M. Qay-Lussac. Fresnel had just 
tbeo entered on bis scientific career ia the most brilliaut manner by the 
poblication of his memoir on difl^action. This work, which, in our opin- 
ion, contained a capital experiment irreconcilable with the Newtonian 
theory of light, became naturally the first subject of our discussion with 
Dr. Young. "We were astonished at the numerous qualifications which 
be put upon our praises of it, until at length he stated to us that the very 
aperiment which we so much commended had been published, so long 
Bince as 1807, in his treatise on Natural Philosophy. This assertion did 
not seem to us well founded. It caused a long aud minute discussion. 
Urg. Young was present, without appearing to take any part in the con- 
versation ; but we imagined that the weak fear of being designated by 
the ridiculous sobriquet of hashleu rendered the la<Ue8 of Eugland very 
reserved in the jtresence of foreigners, and our want of discernment did 
Dotstrikenstill the moment when Mrs. Young quickly quitted her place; 
ve then began to attempt excuses to her husband, until we saw ber re- 
enter the room carrying under her arm a large quarto volume. This 
van the first volume of the Natural Philosophy. She placed it on the 
table, aud without saying a word opened it at page 787, and pointed with 
her fiuger to a diagram in which the curvilinear route of the diffracted 
bands, on which the discussiou turned, was theoretically established. 

I trust I shall be pardoned these little details. Too numerous exam- 
ples may almost have habituated the public to consider destitution, in- 
jmtice, persecution, aud misery as the natural wages of those who devote 
their vigils to the development of the human mind. Let us not, then, 
forget to point out the exceptions whenever they present themselves. 
If ve wish that youth should give itself up with ardor to iutellcctual 
labors, let us show them that the glory attached to great discoveries 
allies itself, sometimes at least, with some degree of tranquillity and 
liappiness. Let us even withdraw, if it be possible, from the histoiy of 
wieiice so many pages which tarnish its glory. Let us try to persuade 
onrselves that in the dungeons of the inquisitors a friendly voice had 
cansed Galileo to hear Rome of the delightful expressions which posterity 
bag kept sacred for his memory; that behind the thick walls of the 
Bastile, Freret might yet have learned from the world of science the 
glorious rank which it had reserved for him amoug the men of erudition, 
whom France honors; that before going to die in a hospital, BoreUi 
bad found someiimes in the city of Home a shelter against the inclem- 
ency of the atmosphere, and a tittle straw on which to lay his bead; 
and, lasUy, that the great Kepler had not experienced the suflerings of 
bnager. 

KoTE BY THE AUTHOR. — The journals having done me the honor to 
mention sometimes the numerous testimonies of good-will and fiieud- 
ship which Lord Brougham had shown me in 1H34, as well in Scotland 
as in Paris, a word or two of explanation hero seems indispensable. 
l%e £loge of Dr. Young was read at a public sitting of the Academy of 
Sciences, November 20, 1832. At this period I had never had any pw^lc 
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Bonal acqnaintaDCe with the writer in the Edinburgh Review, and tlms 
aU charge of ingratitude mnst fall to the groiuid. But coald yon not, 
aome migbt perhaps say, have suppreased entirely, when your paper was 
going to the preaa, all that related to so onfortnoate a controveray 1 I 
conld have done so, and in &et the idea bad occarred to me; but I eoon 
renounced it. I know too well the elevated feelings of my illustrioos 
friend to fear that be will take ofTense at my frankness in regard to 
aqneStion on which I have profound conviction that tbo great extent oi 
his genius has not preserved him from error. The homage which I 
render to the noble character of Lord Brougham, in now pnbllsbiDg this 
paaaage of the iloge of Tonng without any modification, is, in my mind, 
aufflcieotly sigoificant to reDdet it needless to add a word more. 



Digitized by Google 



MEMOIR OF AUGUSTS BEAVAIS* 



Br M. £uB Dd Beauuont, 
Ferpetual Secretary of Ihe li'rcadi Academy of SoimcM. 



iTVanntated for the SmUhmirian JnaKhtfion bg C. A. AUMinder.'\ 

One of the bigbest gifts of ihe haniaii intellect is to lift it»e!f to the 
contemplation of the future; to eujoy in advance ttie beuefits which it 
prepares for the al'ter-races of maukiad; to fevl itself already recom- 
pensed for loug nod laborious eSbrts by the thought that a measure of 
glory will, some day, encircle a name which is still anlcDOwn. 

it is your noble privilege, members of the Academy, to pay this tribute 
of the future ; to tlischarge by auticipatiou the debt bequeathed to 
posterity, especially in the case of those whom an untimely death has 
precluded fi'om the enjoyment of their success; and when a savant, 
prematurely snatched away from his studies, leaves works as yet but 
little known, though well worthy of being so, works deprived of the 
brilliant retinue with which he would in good time have surrounded 
tiicm, these arc orphans the guardianship of which peculiarly belongs 
to you. Such are the motives which have determiued yo^ administra- 
tive committee to call your attention to-day to a coUeagiil who, struck 
down in your ranks almost at the moment when he had just entered 
them, will leave in several branches of the sciences ineffaceable traces 
titrough the labors by which he had earned your suffrages. 

Anguste Bravais was born August 23, 1811, at Auuonay, in the de- 
partment of Anl^he. His paternal family sprang from the neighboring 
town of Saint Peray, where it had eiyoyed for several centurieH the con- 
ttdemtion and esteem which have, in all ages, been associated with long 
traditions of honor and loyalty. His father, bom in 1764, had completed 
his scientific studies at Montpellier, where he had been preparator for 
the chemical courses of Ghaptal, and bad received the degree of doctor 
of medicine in 1T90, Devoted to natural history, he had successively 
Mhcited permission to take part in the two expeditious sent in 1791 and 
1792 iu search of La P^rouse, but had been stopped by different obsta- 
cles, and finally by the opposition of his family, alarmed at the first 
symptoms of the Itevolutiou, by which, like so many others, it was se- 
verely tried. When tranquillity reappeared Dr. Bravais established 
hunself at Annonay, a small town picturesquely situated at the cntranco 
of one of the gorges of the Vivarais, known for its manulhctures of 
paper and for having been the country of the celebrated Montgolfier. 
Here he was soon recognized as an excellent pnictitioner, and for forty 
years esercise<l gratuitously the functions of jthysician of the hospittu. 
With his devotion to the sick and to the welfare of his fellow-citizens 
was always allied in Dr. Bravais an enthusiastic love of botany. He 
andertook a flora of the Cevennes and Alps, and maintained a constant 
oorrespoadence and commerce of exchanges with the most ilistinguisbed 
botanists of Paris and Montpellier. It was in this way that he received 

'Read at tho auuaiil public sittiDg of the Gth February, 1S&5. i ii it)!,' 
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one dfty the seeds of tbe Dahlia, a plant then new to Europe, and to him 
is due tbe introduction of that hae flower into the center of France. 

Dr. Bi'avais had become one of the moat considerable men of Anno- 
nay, when he espoased, early in the century, an estimable member of 
the ancient and noble family of Thom4, which had given counsellors to 
the i>arliameots of Paris and Grenoble and alientenant general to the - 
armies of the King. A few years saw him surrounded with a family of 
four sous and a daughter, of whom the youngest of the sons was oar 
fhture colleague, Auguste Bravais. Their mother died sliortly after the 
birth of her daughter, and neither she nor the little Anguste could re- 
member having seen her. Feeling the approach of death, the thonghts 
of Madame Bravais dwelt chiefly ou her children, aud having long re- 
marked the piety and pare sentiments of one of the female members of 
her household, she drew from this person a promise not to quit tbetn. 
Hever was conUdeuce better bestowed. Tbe excellent creature remained 
forty years in tbe bouse, and from her the two infanta yet in the cradl« 
received, with the maternal care demanded by their age, those first im- 
pressions of childhood which are never effaced. The rapid development 
of their intelligence reflected honor on hers. At the age of three years 
Auguste could read, ^vithout its being well known how he had learned 
to do so, and there was for him no greater enjoyment than to gather with 
bis sister the flowers, the pebbles, the insects of brilliant cx>lors, which 
attracted notice in their rambles ; these were tbe toys of their childish 
years. 

They were soon capable of following the excursions of their elder 
brothers, whom they had seen bringing back every day objects which 
stimulated tteir curiosity. When bis occupations permitte«l, Dr. Bra- 
vais himself ionducted these explorations. It was a touching tableau, 
that of this young family herborizing, classifying pjauts, insects, min- 
erals, under the eye and direction of its head, at once father and pro- 
fessor, whose soul, profoundly religious, habitually lifted that of the 
youthful naturalists to tbe Author of creation. His mind, at once acute 
and ptaylbl, was well qualified to render attractive theexplanations sug- 
gested to him by the collections of the day, with which be frequently 
mingled classic citations suited to stimulate his children in their studies ; 
for it was his good fortune to have himself received, among the Orato- 
rians, a solid iustmction which contribnte<l to the happiness of his life 
and Anally conferred consolation on Iiis honored and serene old age. 

Tbe nicmorj- of this man of worth is still held in veneration at An- 
nonay, where more than one of its workmen may ev^i now bo seen in- 
stinctively to raise his hat on passing liefore his uninhabited mansion. 
His children, while following their different tendencies, preserved the 
impressions of their first education. Auguste manifested in good sea- 
son a turn for observation, and a decided inclination for indulging it. 
When yet a child, he was attentive to atmospheric phenomena. He 
might have been seen descending of a morning to the terrace, there to 
observe the sky, the wind, tbe clouds. Still later, when become a little 
more learned, lie would establish of an evening his obsenatory on the 
balcony, and i>oint out to the assembled family a thousand phenomena 
which without hini would have passed unperceived, the effects of cer 
tain rays of the sotting sun ; the moon with the accidents of light which 
environ it ; the rainbows, tbe haloB, in which he knew not as yet that he 
should one day find a title to celebrity. 

The paternal residence had for its hortson a mountain of moderate 
height, yet snfQcient to serve, as we say, for a barometer. It is called 
the RoiM de VmL Tbe clouds heaped Uiemselvea around it, tbe snow 
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Wt its traces, miata sometimes visited it. It played do iDdifferent part 
in this cbildisb existence. Condact«d thither by bis father aud broth- 
en, it became the point to vhioh liis yet uairoir observatiooa and ex- 
peditions were directed, though it rcqaii'eil four or live hoars to ascend 
and return. Ilis ambition, however, i^oared much higher when he saw 
his brothers return from the Pilat, amonnttuawellkuowntoaaturaliHtS} 
brin^nfr thence new Hewers, unknown insects, and heard them describe 
tfae s]>lendors of the sun rising behind Mont Blanc. He was not ten 
years old, and five or six hours were necessary to reach the summit. 
Yet, having well pondered bis plans, he departs alone one morning, doter- 
nined that he also wonld sleep ou the mountain top, and collect its 
plants, its atones, its iiisacts. Uia absence excited little inquietude at 
koDte, for the sagacity with which be was accostomed to explore the 
GOtoplicated recesses of the mountains of tlie Vivsniis was well known ; 
' ind, iu fact, he retnmed safely Uie next moruiug with the objeots 
which be had coveted, having drunk at the source of the Gier and seen 
ttie sun rise behind Mont Blanc, throwing into magnificent ]>er8|>ective 
tbe long chain of the Alps. Here we see the embryo adventurer des- 
tined one day to climb the perilous heights of Mont Blanc itself. 

Habits of meditation early announced the aptness which he was to 
exert at a later ]>eriod in tbe advancement of science. Those who fr&- 
qnented tbe paternal mansion remember having often met a child 
apparently absorbe<l in profound rellecticm, and who, to the itiqniries 
which he excitod, would naively answer : lam tkinkimi. And, indeed, 
so active and fruitful was this habit of tbought that at the age of four- 
teeoi he had completed all the classical and literary courses of the Col- 
lege of Anuonay. His father now thought proper to send him to Paris, 
tlwt he might devote a year to rhetoric and another to philosophy io 
tbe College of Stanislas. The young Angnate carried thither habits of 
obedlfuce and modesty which did not prevent him to be nn indocile 
papiL He parsned with the ntmost exactness tbe prescribe)! studies. 
Hid SQCceeded in acquiring that pure, clear, aud precise style whicb 
is tlie asnal index of a good education ; but he did not evince for classi- 
cal stadies the ardor for which the premiums at tbe end of the year an 
reserved. His predilections were dii'ected elsewhere. Some boobs, 
hidden at the bottom of his trunk, had escaped notice. These were 
works on mathematica; and these he found means of studying at nighfe. 
He solved problems and wrote letters full of intelligence to JU. Beynand, 
tbe modest and learned professor of the College of Aunonay, who had 
already given him lessons iu arithmetic and geometry. 

On his return from Paris he was ajrain placed auder tbe charge of M. 
Beynaod, of whom be had become rather the friend than pupil, aud as he 
biwl been destined by his father for the Polytechnic School, a certain io- 
ai^t into all that is required for admission was affortled him by the 
professor in the conrse of a single year. Jo 1838, therefore, he ventured 
to present himself at NIsmes for examination ; hut bin preparation had 
been too rapid, and he was not receive^l. Happily for binisdf and f<Hr 
ectence, the boundaries of which it was his fortune afterwards to extend, 
be had fallen into the hands of a discriminative examiner, M. Bourdon, 
who, while verifying the insufficiency of his studies, recognized the 
aptitude of his genius. . This excellent man, to whom many among na 
besitles owe a debt of gratitude, reflected on the future of this youthful 
candidate whom he was obliged to reject, and, with the ingenuous ear- 
neetoesa which he more than once displayed in behalf of students of 
wfaom be angored favorably, pleadeil with the father of Anguate, and 
•oeoeeded in persoading him that the career of the aiuaooesaful appU- 
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oant Btill lay in tbe polytechnic line. After tbis Dr. Bravais no longer 
hesitated, bat sent bia son anew to Paris, where be waa placetl in the 
itaatitutiou of M. Barbet, then distinguished as one of tbe beat aem- 
itaaries of preparation for the PolytechDic School. 

Augaste Bravais iiuraued at the College of St. Loais, under M. Delille, 
the oonrse of apecial mathematics. At the end of the year be obtained 
at the general competition the first prize of mathematics, and was re- 
oeived at the Polytechnic School as number two of tbe list. Ou pass- 
ing into the first division, after a year's study, be was classed as first, 
find at his exit made choice, with his father's approbation, of tlie mariae 
service. The tea I How many opportanities did that name suggest of 
seeing distant shores, of studying nature in it&.diEferent aspects, and of 
continuing, with eularged knowledge, tbe studies which bad formed tba 
delight of a happy childhood. 

He embarked iu January, 1833, on board tbe FiDist^re,which then navi- 
gated the waters of the Mediterrauean ; but he soon passed to tbe brig 
Iioiret, commanded by M. B^rard, whom we have since counted among 
the correspondents of our section of geography, and who was at that 
time charged with the exploration of the coasts of Algeria. The Loiret, 
on board of which was also M. De Tessao, hydrograpbical engineer, and 
now our colleague, was employed two summers in making the coast sur- 
vey of our African possessions, aud the work was completed when the 
vessel re-entered the port- of Toulon, October 25, 1833. The utioister of 
narine, with a sagacity which does honor tobis memory, had composed 
«f future academicians the official staff of a vessel charged with a scien- 
tific mission, and the commander, M. B4rard, in his excellent work, ^e- 
toription Ifautiqw deB C6tes de VAIgirtey took occasion to couvey to bis 
assistants, and expressly to M. Bravais, bis warm acknowledgments of 
the important share which they bad borne in the common labor. 

The Loiret was next employed in maintaining the communications b^ 
tween Algiers, Bona, and Oran, being armeti on account of the hostile 
dJspositiou of the inhabitants of the shores. In these incessant passages 
£rom one extremity of the Algerine coast to the other, it was necessary 
to make many different po''ts, and M. Bravais, who had been named lieu- 
tenant in 1834, lost none of these invaluable opportunilies of satisfying 
his passion fornatural history. A flora aud fauna, different from those 
of the Cevennes, nSbred a multitude of objects calculated to pique his 
curiosity. JjCagniflcent collectious of plants, insects, Crustacea, fish, ter- 
restrial or marine molluaks, rewarded his activity. Of these he made 
frequent remittances to Aunonay, and sometimes carried tliither in pec- 
son the IVuits of liis researches, for, since leaving the Polytechnic Schocd, 
he invariably passed there all the vacations and' furloughs he could ob- 
tain. On these occasions of a return to bis native place, he never failed 
to revisit his dear mountains, Pilat and Roche de Vent, and resumed, 
though on a wider scale, the walks and berborizations which had formed 
of old tbe happiness of the Bravais family. Knnpsack ou his buck, tbe 
fonng mariner then made long excursions, accompanied by \\\n brother 
nearest in age to himself, tbe Abb6 Oamille Bravais, now professor of 
natural history at the College of Aononay, and keeper of the museum 
of that city, composed in great part of bis owd gifts and those of bis 
family. 

But it was with his eldest brother, Dr. Louis Bravais, that our future 
colleague devoted himself to the more profound investigiitious of botany. 
At the beginning of the year 1835, tbe two brotliers united iu present- 
ihg to tbe Academy a memoir entitled : E»»ai giomitrique aur la aymS- 
trie de$ feutUet CMrrttrfri** -' '"'isiniet, [Geometrical essay on our- 
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viserinl and rectisertal leaves.) This memoir had notbing in common 
with the ordinary labors of botany relating to the deecription of species, 
or to botanical geop^phy. As little was it a memoir ou vef^table phy- 
siology in the asual acceptation of the word. It was a work of a wholly 
special and original character ou the relations of symmetry, presented 
by the insertions, at different points of the stem, of the leaves and or- 
gans which spring from it. This subject^ although MM. Bravais bad no 
knowledge of the fact^ had shortly before beeit the subject of a memoir 
pnblisbed by two distniguished botanists, MM.' Hehimper and Alexander 
Braou, who bad iminted out its importance, and had arrived at some 
Tery carious results. M. Adolph Brongniart, however, in the report 
which be made to the Academy in 1S37, prononnced that MM. Loiua 
ukI Anfniste Bravais had brought more precision to the study of the 
numerous facts which tliey bad collected than had been before exem- 
[riified. The subje(;t, moreover, could not be com|>let<>]y elucidated 
without a profound knowledge of the helix and of tbe dillVrent spirals 
In which the insertions of the leaves are alignetl with so remarkable a ■ 
regularity, aud without a singular desterity in the management of con- 
tinoona fractions, recurrent series, and other mathematical combinations 
ef a delicate nature. M. Auguste Bravais had employed tbem, witli the 
elegant simplicity which is always the stamp of an accomplished mathe- 
matician, for expressing the relations of position of the leaves with one 
notber, and for arriving in a clear and precise manner at consequences 
which could not otherwise be obtained except by long and tedious ten- 
tatives. These deductions have brought to light, in a degree but little 
aaspected by many, a regulari:y of arrangement in the organs of vege- 
tables, whicli, without being precisely amilogoos to the laws of crysUl- 
logmphy, is equally as precise and admirable. 

Tbe brothers still further drew up in common different memoirs on 
botauy, and it was not at Paris only that their labors obtained a de- 
served success. They equally attracted tbe attention of botanists in 
other partsof Europe, and M.UeCundolle dedicated to the two authors, 
under the name of Bravaisia, a new species of tbe family of the Bignon- 
iacete. Tbe objects of natural history which M. Auguste Bravais sent 
from Algeria were also highly appreciated. In 183u be found on the- 
Inlnnd of Rachgoun a serpent which was new to him, the AmphUlxena 
ehterea, and which he transmitted to M. De Blainville, who testified bis 
surprise at the occurrence of snch an animal in that country. Utber 
remittances of seeds and living plants, collected in tbe province ofOran, 
earned for him letters of thanks from the administration of tbe Museum . 
of Parts, and warm encouragements to complete tbe herbal of Dcsfon- 
taioes, and to continue his researches in botany daring the voyages it 
was hope<l he would undertake to other regions. 

The ardor of the young otBcer was so much increased by this success 
as sometimes to make him forget that he was no longer in the peace- 
able mountains of the Ard^he or of Dauphiny; it drew upon him, on 
aeveral occasions, tbe kindly reproaches of his superiors for rashness. 
But these reproaches were changed into felicitatious when, August 12, 
1S3C, at the bead of thirty-seven marines, he extricated tbe command- 
ant and surgeon of the Loiret, surrounded, during a bunting excursion, 
by tbe troops of the Emir. 

Unlnckily, he did not arrive in time to rescue another officer, whom 
tbe Arabs bad already carrietl off. Bat from the i>oint where he then 
stood M. De Franco bad witnessed tbe combat, which he describes in his 
interesting account of tbe prisoners of Abd-el-Kader. " 1 will not coo- 
elude," he says, " witJiont siieaking of t.be biaveiy, the coolnefis, and 
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address of my colleagne, M. Braraia, lieat^naot of tbe firigate. This 
courafteous friend commanded tbe sailors who flew to our succor; he 
disposed hia troop so skillfully, and tell so vigorously on the enemy, 
that he forced them to fiy precipitately, aad, if conduct and intrepidtcy 
could have saved me, uiidoabtedly the conduct and intrepidity of M. 
Bravais would have secured my release.'' 

The commandant, being wounded in the arm, could not write, and as 
tbe first lieutenant was prisoner, tbe duty of making the report upon 
the flglit, in which two sailors had been slain, devolved on M. Bravais. 
In drawing op this paper he avoided, aa far as possible, under tbe im- 
pulse of his habitnal modesty, all mention of himself; henoe, while the 
minister of marine bestowed praise upon the Loiret, tbe author of the 
leport received no decoration, as all aronnd him would have wished. 
Tet, in the eyes of those who knew all the details of the a&'itir, tbe un- 
designed omission of tbe minister reflected more honor on the young 
ofScer than the star itself of the order would have conferred. Uo re- 
' ceived that distinction, however, on another occasion, and for services 
of n wholly difteient chanicter. 

Natnro had largely endowed M. Bravais. With the brilliant of&oer 
and zealous naturalist there was united in him, according to the ex- 
pression of M. Oaucby, assuredly a competent judge in such matters, 
the true geometer. The former student of the College of Stanislas, wbo^ 
In pursuing his course of rhetoric and philosophy, passed the night ia 
studying books of rrathematica, had resumed, on board tbe Loiret, anal- 
ogous habits. With the consent of tbe superior offlcel^, by whom he 
was rightly appre<:iate<l, his comrades, themselves highly distinguished, 
though with a difterent tnm of mind, replaced him on the quititerdeck 
when his watch recurred, and M. Bravais shut himself up in his cabin, 
where he spent the night in executing his calculntion^ or in solving 
such problems as presented themselves. It was thus that he made the 
calculations necessary for tbe reduction of the bydrographio proJecUoa 
of the coasts of Algeria; and thus, likewise, that be comi>osed the matJi- 
ematical part of the botanical memoir which he published with his 
brother. Thus, too, a cnnn^r was eventually opened to him of a special 
•Diiture, and such as appealed most directly to bis natural proclivities. 

Among other mathematical labors which M. Bravais bad executed on 
board tbe Loiret, he had comp«)sed two memoirs, one on the Method$ 
employed in taking bearinifa under sail, and tbe other on the Equilibriiim 
<(f floatituf bodiea. Having obtained leave of absence from the minister 
of marine, he formed from these memoirs two tbesea which he snstaiued 
before the Faculty of Sciences of Lyons, in consequence of whi<di he 
was received as doctor of sciences. These theses attracted Just notice, 
and the minister subscribed for several copies of the second for the 
libraries of the ports. In thus acquiring the doctorate of mathematical 
sciences, M. Bravais was conforming to tbe friendly advice of M, Pois- 
son, who, after conducting his examination at his exit from the Poly- 
technic School, bod aflked him why be did not enter upon the career of 
science. He still Allowed that advice in presenting to the Academy 
several memoirs of analysis and geometry, upon which MM. PoisBoiif 
Sturm, and Savary, made favoi-able reports. 

From this period the minister of marine chose that M. Bravais shonld 
be released from tbe clandestine pursuit of scieuce, and assigned him 
service in a mission purely scientific He attached him to the Scientific 
Oommission of tbe North, which was under tbe conduct of M. Gaimardj 
and of which M. Victor Lottin, lieutenant, had for several years tbrmed 
s port The oommis^on had been inaugurated under melancholy oir- 
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cnmatanccs. M. De Blosseville, already oelebmted for two importao* 
Bcientiflc voyages, Imd received, iu 1833, tUe command of tbe brig La 
Lilloisc, charged with tbe superintendeuce of the fishery' ia the eeaa of 
Icel»iid, aud waa accompanied, as second iu command, by M. LePele- 
tier d'Aanay. Both these yooog officers were animated by an ardent 
zeal for dist^overy, and had nromisetl to efFect for the advancement of 
scieoce all that was compatible with the objects of their official mission. 
After a thorongh exploration of the coasts of Iceland, they determiaed 
to reconnoiter the east coast of Greenland, which bad been blockaded 
by ice forcertturies. On a first attempt they penetrated, Jaiy 29, in the 
midst of broken ice, to a distance of abont twenty-four leagues ixom 
Greenland. They could already take the beariogsofthemontitaina, but 
their vessel, whose construction waS not suitable for an enterprise of 
this sort, ha\'ing nnilergone great damage from the floating ice, they 
bad been constrained to disengage themselves with a view to repairs, 
while decided on making afterward a new attempt. There was rea- 
son to suppose that, in fact, tbey had become a second time entangled 
in the ice toward the end of Angust. From tbe 25tb none of the flsb- 
ing barks had set- n the Lilloise. 

Much solicitude had been naturally excited during tbe ensuing winter 
for the fate of the expedition, and in the spring of 1834 a vessel was 
sent in search, whose return without success afforded only new grounds 
for anxiety. In 1835 the attempt was renewed, and the corvette La 
Becherche, commanded by M. Trdhouart, was dispatched on a similar 
miasTon, M. Gnimard, who six years before had taken an active port 
ID the discovery, on tbe reefs of Tauikoro, of the remains of La 
P^ronse's expedition, generously proffered his services to cooperate ia 
tbe search for M . l>e Blosseville. Desiring at the same time tbat ths 
exploration should subserve tbe interests of science as well as of ha- 
manity, he associated with himself several distinguished savants, art 
ists, and men of letters. Such was the nucleus of the Scientiflc Cooir 
mission of the North. 

All efforts to discover traces of the missing vessel were fruitless; but 
tite scientific commission having coUected in Iceland the elements of a 
magnificent work, tbe design was embraced of exploring also Bpitzber- 
gea and Lapland, and of leaving a part of the scientific body tu winter 
in the hitter coantrj', in order to make observations in physics and 
neteorology. It was determined to increase the number of savants who 
eomitosetl the commission, and M. Martins, one of onr best botanists 
and a distinguished meteorologist, was added to it, together with M. 
Bravnis and several learned Scandinavians. Instructions were asked 
of the Academy of Sciences, and their preparation waa confided to a 
Bpecinl commission, whose recommendations were adopted in the sitting 
of April 23, 1838. 

The Becherche was equipped anew, and, nnder the command of M. 
Pabvre, left the port of Havre June 13, 1838, bearing the greater part 
of tbe members of the commission and all the material necessary for 
tbeir operations. After touching at Drontheim, the ancient capital of 
Norway, where she received tbe Swedish, Norwegian and Uaniah 
savants designated by their «!si)ective governments, and at llammer- 
fest, where she landed tbe stores provided for wintering, the {lecherehe 
tamed her head toward Spitzbergen and moored, July 2!i, in the roails 
of Bell Sonnd, on the western coast of that group of islands, in 70® 
30* north latitude. The savants and officers of marine immediatelj 
addressed themselves to their work. Astronomy, pbyaica, meteorology; 
the movements and temperature of tbe sea ; tbe vast glaciers descending 
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from tbe tops of tbe mountains to the bay ; the geological constitation 
of tbose naked and declivitoaa mountaiDs; the scanty traci'S of vegeta- 
tion, rery different from that of Algeria, stretched at their foot along 
the beach, were the subjects of indefatigable study. M. Bravais, hubit- 
aated th>m childhood to climbing rocks, was the first to reach the snm- 
mit of a peak of difficult access, on 'whicb tbe commission conferred bis 
name. The officers of the vessel constructed a detiiiled plan of tbe 
Bay of Bel) Sound, in concert with MM. Lottin and Bravais, who de- 
termined tbe azimuth of the bay, tbe beightb of the uiouutuius, aud the 
declination of tbe magnetic needle. 

But summer is of short duration in those btgh latitudes. Ou Augnat 
6, the commandant judged proper to give the signal of departure, and 
the Bechercbe again came to anchor, on the 12tb, in the i>ort of llam- 
merfest. Careful observatious of the temperature of the waters of tbe 
eea at different depths were made during the passage by MM. Bravais 
and Martins, the former of whom, with Professor Siljcstriiui, Swedish 
physicist. Professor Liltiebouk, Norwegian physicist and astronomer, 
OBd M. Bevalet, draughtsman, landed at Hammerfest to winter iu Lap. 
land. Tlie corvette returned to Brest. 

Tbe climate of the western coasts of Norway and of the coasts of 
ijapland is of a remarkable mildness in comparison with that of other 
points of the globe situated in the same latitude. Tbe tepid waters of 
the tiulf of Mexico, borue by tbe ocean current, known as the Gulf 
Stream, diffuse a perpetual warmth and produce there a wholly ex- 
ceptional tem|>er.ilare. From this it results that the deep arms of tbe 
sea which, under tbe name of fiords, peuetrate these siuf^ularly indented 
coasts, are scarcely ever obstructed by ice. Navigat ion, instead of being 
saspendeil for several mouths, as iu the White Sea aud the Baltic, is 
tiiere generally open ; and this circumstance gives to the cai)a(^ious and 
excellent ports of the fiords of Laphind a certain strategic importance, 
calculated to enhance tbe scientific interest which the excei)tiunal cli- 
mate would of itself inspire. But from its comparatively high temi>cra- 
ture the northeru part of tbe Atlantic Ocean is enveIoi>ed, during win- 
ter, in almost permanent fogs, whose density is sufficient to shut out a 
view of the heavens. The port of Hammerfest being too near the sea 
and exposed to this disadvaufage, our physicists chose for their winter 
station the village of Bossekop, situated on a narrow shelf at the ex- 
treme point of the Altenfiord, an arm of tbe sea which penetrates the 
land to the distance of seventy kilometres, whence it results that the 
climate is there colder and the sky more frequently clear than ou the 
shores of tbe ocean. At this place the four physicists established, Sex>- 
tember 1, the numerous iustruments, telescopes, theodolites, gigantic 
compasses, barometers, thermometers, actinometers, pyibeliomcters, &c., 
which had be«n landed from the corvette. Tbe-te instruments bad been 
constructed at Paris by the best artists and on tbe most perltet mmlels. 
A small wooden structure, which miglit he taken down and rebuilt else- 
where, formed the astronomical observatory, while five other cabins 
served as meteorological and magnetical observatories, &c 

Bossekop is situated in OtP 58' north latitude, and is tlierefore 3° 25' 
beyond the polar circle. The sun does not rise there every day in tbe 
year, and on that of the winter solstice, at noon, its center is 3° 25' be- 
low the horizon. After the middle of November its disk is no longer 
seen entire, the lower part is lost to siglit^. and tbe lumiuary is wholly 
Invisible after the ITth of that month. lor some time a crepnscnhu 
light illumines, towanl midday, the Houthern arc of the borizou, bat 
toward tbo 21st of December even tijis glimmer vanishes. It reap- 
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peam in the beginning of January and increaeea by de$reeH. Finally, on 
tiie 31i)t of Jaanary, the aolar disk begins a^in to show itself. It pro- 
jects a first ray, which is hailed by tbe nniversal acclamatTons of the 
population stationed at windows or on emiaences to saliite tbo benefi- 
cent orb, whose priceless valne is better felt after snch an absence. On 
that day all labor is suspended, felicitations are exchanged, dancea ex- 
press the common joy, pledges are dmnk to the resurrection of the sua; 
it is the time also for settling the bets which hare been made on the 
rate of watches which, not having been regalatetl for two a^id a half 
months, are liahle to have become deranged. The snn, after this, rises 
©very diiy, at first for a few uiinntcs only; but the days gradually 
lengthen ; at the equinox they are equal to the nights; then tlie iiighte 
grow shorter, and fiually extinct ; the sun ceases to set, and a contiuned 
day of nearly three months forms the compensation for the long night 
of winter. 

Tlie i>erpetual day of the polar summer has never wanted witnesses; 
but it needed the resolution inspired by an ardent love of science to 
await at Bossekop the festival of the resarrection of the aun. More 
resutatioo stilt was needed to undertake the labors which the commis- 
sion was charged with executing at that point. Kotwithstanding the 
relative moderation of the climate, the thermometer often dt'sccnds at 
Bossekop, not, indeed, to 40 or 50 degrees centigrade below zero, as in 
tbe north of Asia and America, but, according to the observations of 
tbo commission, to 2(P or 2o<^; nor is the depression restricted, as in 
our climates, to the last hours of the night. Here the night does not 
terminate, and the diurnal variation of tbe temperature, evidently inde- 
pendent of tbo action of the sun, the maximum occurring at 11 o'clock 
in tbe morniiigatid tbe minimum at 6 o'clock in the evening, does not 
exce«d on a mean the tenth of a degree. Tbe wind which at Bossekop 
is least cold is that of tbe north, under the influence of tbe Northern 
Ocean ; while the coldest is that from tlie south, which bears the frozen 
air of the Scandinavian Alps. The temperature of tbe air is at its 
minimnm at the surface of the ground. It rises gnulually by some de- 
grees to a height of about one hundred metres, and afterward dimin- 
ishes agreeably to tbe usnal law. All the elements of the climate were 
collected by our physicists through observations made nniatemiptedly 
St intervals of two hours, and sometimes hourly, on the barometer, the 
thermometer, tbe direction of the wind, tbe state of the sky, the tem- 
peratui-e of tbe earth at its surface, the magnetic apparatus, &c. All 
these determinations, inscribeil on registers kept couatantly and with 
perfect order, have been published in the great work of the Scieutifio 
Commission of the North. 

Tlie two marines and two professors divided between them the labor 
and the watching, tbe latter being observed with as much regularity as 
on board a maii-ofVai: ; but if an aurora borealis pi:gsented an extra- 
ordinary brilliancy there was a general tumoat; every one was at his 
post. Some drops of coffee, seasonably taken, dispelled tbe importunate 
aomooleuce of the Lapland night. Of the observers, while a portion 
not«(l every five minutes the positions assumed by tbo magnetic needle 
nnder the disturbing influence of tbe aurora, others, in tbe open air, 
recorded, watch in hand, tbe difterent phases of tbe phenomenon and 
measured the altitudes above the horizon. Tbe adjusting screws of 
their iastrnnients often became so iold that it was necessary to covet 
them with cloth, without which precaution their fingers would have ad- 
hered to the brass through the sudden congelation of the humidity (tf 
tlie skin. .edtyGoogle 
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iDdepenttently Af tbe detailed jonrnal of obserrations of the anrormB, 
printed in tbe work already referred to, and the spleudid plates of the 
pbysical atlas, which represent the most remarkable a2>i)earancea ob- 
served by tbe four physicista, M. Bravaia has inserted in the same pub- 
lication a Mimoire sur Ut aurorea borSalea, cited by competent judges as 
more precise than anything heretofore written on the subject. Tlie fol- 
lowing rapid summary of the coutenta of this essay may not be wltliout 
interest. 

When the first doubtful gleams of an aurora begin to diffuse them- 
selves in the sky, there is first perceived at the horizon, a little to tbe 
vest of north, a dark segment, which, according to the very jirobable 
conjectures of M. Bravais, is nothing else than the compact mass of 
fogs with wliicli the temperate waters of tlie Polar Sea are almost coo- 
stantly covered. Above the dark segment gleams of light like those of 
a conlliigration soon make tlieir ap[>earance, simply resulting, jterhapa, 
from the still distant glow of the aurora reflected on the surface of the 
mariue vapors. Some time afterward a luminous arc is traced above 
the segment, its two extremities resting on the horizon, and its culmi- 
nating |)oint, which divides it into two equal and symmetrical parts, 
being situated most frequently in the neighborhood of the magnetic 
meridian. On an average it falls a little to the west of that meridiaB, 
&om which it progressively diverges as it becomes more remote from 
the northern edge of the horizon, especially when, having passed the 
xenith, it approaches the southern horizon, from which iu certain cases 
it is distant but a few degrees. Sometimes severnl diffeR'nt arcs show 
tliemselves at the same time ; very often there are two, mure rarely tJiree, 
but as many us nine have been counted at one time. Their breadth, 
which at a mean is from seven to eight degrees, occasionally exceeds 
twenty-five degrees, particularly in the culminant part when it passes ueox 
the zenith. Through a combination of measurements this last remark 
bas led to the couclusion.that the arcs of the aurora boi'ealia are fiat- 
teued paraUel to tbe surface of the earth, and thus one of the means 
proj>er for furnishing the measure of the height at which these arcs are 
situated above the surface was suggested to M. Bravais. 

The height in question had long before occupied attention, and it had 
with reason been thought that it might be calculated from the parallax 
resulting from two observations of tlie same arc, made simultaneously 
by two observers placed at a known distance. Witli a view to this 
means of determination M. Bravais passed thirteen days of January 
1S38 at Ji)i)vig, situated fitteen kilometres to tbe north of Bossekop, in 
order to observe the auroras from that point, while his colleagues ob- 
served them at tbe same instants of time from their usunl station. The 
forms of a great number of arcs, and especially those of the most regn- 
lar arcs, were taken with much care by the commission, and M. Bravais, 
by discussing them, through means of elegant geometric coustructions 
sud trigonometrical formulas skillfully reduced to the greatest simpli- 
city, has shown that all these area, conformably with the hj-potbesis of 
our distinguished correspondent, M. Uousteen, of Christiania, may be 
considered as the perspectives of circular rings, having their center on 
the terrestrial radius directed toward the magnetic pole, and their plane 
perjiendicular to that radius. His formtdas have given him, tor each 
case, the elevation of the ring above tbe surface of the earth, and this 
means of measurement, combined with tbe two others already indicated, 
have led bim to the conclusion that the arcs of tbe aurora horealis are 
situated at an altitnde of one hundred to two hundred kilometres, in 
the region where the shooting stars aud bolides become incauUescent 
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ind InminoDS, that is to say, toward tbe extreme limite of the terres- 
tnal atmosphere, the extent of which had long beeo sopposed to l>e leas 
consideratrio. 

The color of the nrcB ia itsnolly of a aniform yellowish white. They 
are of snffloient transparence to allow the stars to be Be«4] tbroa^ 
them, and while the radiance of tbe most brilliant arcs equals that of 
stars of the first magnitude, tbe greater number are only comparable to 
those of the second, third, and fourth. Tbe position nt' each arc does 
not remain invariable during its whole daration ; on the contrary, it 
THies with much rnpidity, bo as to compel the observer to oi>erate with 
great quickness, if he would give to the different parts of tbe same arc 
poeitioua exactly corresponding as regards one another. In their move- 
ments the a^s sometimes approach the zenith and sometimes withdraw 
from it, whether toward the north or toward tbe south. Their edge 
neaiest to tbe horizon is usually the best defined. They have not always 
regular forms ; we see them assume a Miousaud fantastic confignrationa, 
Buch as that of an undulating scarf, or even of a crook. They some- 
times Hhow, es[)ecially toward the end, a tendency to become decomposed 
into short rays in a direction cont'orraable to the width of tbe arc 

After the arcs, at a rather more advanced hour, appear the nivs prop- 
erly BO called, which form the second type to which tbe gleams of the 
aurora boreolis may be referred. The rays are luminous columns of 
much greater length than breadth, the prolongation of which on high 
would terminate at tbe magnetic zenith, the point of apparent concourse 
of all the lines parallel to the needle of inclinatiou, and situated, at 
Boaaekop, only 13° toward tbe south of the astroDomical zenith. The 
brilliancy of the rays ia variable like that of tbe area, and generally 
mdre vivid. They are susceptible of two movements; one in virtue of 
which the ray prolongB itself toward the zenith or toward the horizon, 
die other by which it is displaced laterally aud parallel to itself. These 
movements are sometimes of an excessive rapidity, and it is not rare to 
see the rays dart their light, with a vibratory movement, toward the 
leaith, and still more frequently toward tbe horizon, with extreme viva- 
city. When these movements are alternate, tlie ray seems to gambid 
or dance ; hence, tbe eapra laltantet of old authors, the marionnetUi of 
tte iobabitaiits of Kewfoundland, tbe merry dancers of England. In 
general the more rapid the movements the more brilliant become tbe 
raya. The color of these is usually white or pale yellow, sometimes of a 
reddish hue. When the vibratory movements of the rays become very 
precipitate, the brilliant yellow tint is concentrated in their middle part 
and the opposite extremities take the color of violet-retl and greeu, the 
red always showing itself on the aide to which the ray darts its light 
Oecasionally tbe rays unite with one another at the magnetic zenith to 
form a crown either complete or incomplete ; and when, in executing 
this movement, they lose tbeir usnal yellowish tint and glow with ao 
inteuser luster, pasi^ing into red and green, tbe crown presents the great- 
est degree of magnitlcence which- the aorora is capable of displaying. 
At certain moments the vibratory movements by which the rayu are 
ammal«d change into a sort of general palpitation in which all tbe 
gleems of the aurora are confounded, the arcs as well as rays. It is 
the minoancement of adimiuution more or less proximate of this splen* 
did nie'4y>r. 

The reftilgence of the aurora borealia might seun to have been given 
to ttie iH>Iar regions as a oompensatioa for tbe abaeooe of the snn ; for 
these arctic lights, barely visible two or three times a year on tbe bori- 
zoo of Paris, Hlomine almoBt every evening the latitudes iiom which 
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tbe stfir of day ie viAdrawn. They are no longer observed there dnr- 
ing the uiiinternipt«d day of sammer ; it is at the end of August, nod 
especially nt Che period of the autumnal equinox, that their nQinl>er is 
nuiltiplied in Lapland, and their frequeocy dimiuiahes at the vomol 
eqaitiox, and still more toward the ead of April. During this interval 
of more than six mouths very few nights are destitute of tbe auroral 
display. 

The apparition of the auroras is therefore subject to tbe course of the 
seasons, aud it is not less remarkable that even during the hiberuid 
uight the hours of their commencement and of their different phases 
Dinintaiu a constant relation to the hour of the passage at the meridian 
of the sun, which has become invisible. Their ap|>earance always takes 
place dnriug the hours which corresiwnd to the night of onr tem|»erate 
zones. It is generally between ten and eleven in the evening that tbey 
assamo the effulgent colors by which some of tliem are distinguished! 
and, in all, their greatest brilliancy corresponds to the same period of 
the uiffht. The meteor usually disappears toward morning. 

M. Bravais states that by the li^ht of a brilliant aurora he could rend 
a page printed in smalt type almost as easily as by the light of the full 
moon. When tbe sun uo longer rises, tbe moon, which at itA full is in 
opposition with the sun, is seen almost t^nstantly on the horizou, and 
the doable effulgence of that planet and of the aurora greatly dimin- 
ishes the obscurity of tbe polar night. Irregular as are these lights, 
they 8u£Bce to enable the Lapps, the Samoieds, and the Esquimaux to 
traverse in sleds the limitless snows which cover their country ; and 
when the absence of the sun would tend to dull their minds, the f^ntaa- 
tic images presented by a fitful illumination serve to arouse their imag- 
ination and nilbrd a pabulum on which it is marvellously exercised. 

Notwithstanding the movements with which tbe arcs aud rays of the 
aurora are endowed, it is evident that they tbllow the movement of ro- 
tation of tbe earth. The aurora borealis is therefore an atdioapheiio 
and not a cosmical phenomenon. Canton, &I. Becquerel, aud other phy- 
sicists, have pointed out the resemblance which exists between tbe vio- 
let-red tiiit^of this meteor and those which electricity displays when 
moving in a vacuum. This circumstance, added to the action of the 
aurora on the magnetic needle, has led physicists to class it among eleo- 
tric phenomena. M. Bravais gives his adhesion to %h\s opiaion, ttw 
Teriflcatiou of which has been recently corroborated- by a remarkable 
experiment of our distinguished colleague, M. Ue La Bive. 

After a sojourn of seven months tbe commission quitted Boseekop, 
April 1830, and returned to Uammerfest in order to execute sundry 
labors and await the corvette which was to convey them a second time 
to Spitzbergeu. Vegetatiou was renewing aud developing itself wi& 
that astonishing rapidity which, from the commencement of May, an 
almost coutinual day gives to it in Lapland. M. Bravais could not resist 
his passion for herborizing, but unfortunatety, in attem])ting to gather 
a plant springing from the crevice of a rock, he sustained a violent ItUI 
and fractured a knee, so that when the corvette bore off bis companioni 
he fonnd himself ondcr tbe necessity of remaining at Hammerfest untU 
the end of the polar summer should bring back the other members of 
the commission. Far iVom being discouraged, however, by so vexations 
- a mishap, he contiuaed the series of meteorological and magnetic obser- 
vations, and as soon as the injury permitted him to walk, labored at the 
completion of two memoirs commenced during bis stay at Bosseko[^ 
(me on the tides, and the other on the lines of the ancient level of the sea. 

A Bojoora of more than a year had enabled him to pwtiwt Iub fAtaBiy 
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ration of tbe tides, and having afterward collated bis own mensnre- 
Bents witb those exeonted at Beikiavik, in Iceland, and Bell Sontid, in 
Bpitzbergen, by MM, Lottiu and Laroche-Ponci^, and BubmiCted the 
witolb to a thorongh discussion, he determined the aiiits of height of 
tide in several ports of the North Atlantic Ocean. He (Uso calculate 
for those coasts the value of the semi-diurnal tide and that of the diur- 
nal tide for botli the sua and moon. He was struck with the refative 
importance which the diurnal tide there assumes, and this circumstance, 
compared with the analogous fact already obsen'ed in the Sea of Kamt- 
fltntka, led him to inter that the tides of the Atlantic and Pactflo 
Datnally influence one another through the Straits of Behriug. 

The banks of the Alteiifiord, iu the environs of Bossekop and Ham- 
merfest, as well as at many intermediate localities, present ten-acea 
having almost horizontal surfaces, whose regularity recalls the coustruo- 
lioDS of furtiQcation, tliough there is nothing artiScial about tliem. Each 
of these terminates at the foot of the rocks in a line marked by erosions 
similar to those which the sea produces on its present beach. Iu each 
temtce is easily recognized an ancient marine coast, on wliicli the sea 
has beaten for a long time at a well-defined height. At some points 
Kveral of these are to be seen, one above the other. M. Bruvais occu- 
pied himself in a determination of the actual elevation of all these 
traces of the ancient level of the sea, and here botany has furnished 
him a nseful resource. A marioe plant, the Puow veticulogMS, widely 
dispersed on those coasts, grows upon the rocka only at a certain dis- 
tance beneath the mean surface of the sea, and forms a yellowish zone, 
€f which the upper limit is well marked and perfectly horizontal. This 
line supplied the plane to which M. Bravais referred, by precise level- 
iDgs, the ancient marks of erosion by the sea; and he thus recognized 
that all these traces of its ancient altitnde form five series, more or less 
distiDCt, two of which especially are perfectly unbroken ; that these 
la»t are slightly inclined from the interior of the continent toward the 
ocean, and that one of them in particular presents two parts of which 
the inclinations are different. From this we are authorized to conclude 
that these terraces and the ground which supports them have been 
iMed above the level of the sea ; for, if it were the sea which had sub- 
SMled, each of the two series of terraces would have been perfectly hori- 
mntal. The mobility of the solid crust of our globe is thereby full^ 
demonstrated. It might be eaid that the expression, firm oh a rock, if 
t^en in too absolute a sense, embodies an illusion, and that there is 
nothing more unstable in the world than the mean level of the sea. 

M. Bravais was occupied with these subjects till the moment when 
the corvette, returning from Spitzbcrgen, again arrived at Hammerfest. 
Tfae members of the commission then separated for the last time, Id 
order to return to their respective countries by different routes. M. Bra- 
nos associated himself with M. Martins to return by laud, and, still 
herborizing, travelled, barometer iu band, the plateau of Lapland, 
where the two travelers determined with precision the altitudes of the 
npper and lower limits of the difTerent zones of vegetation. In this 
way they completed, not the Atlantic flora of Desfontaines, as M. Bra- 
Tais had seemed destined to do, but the admirable labors iu bnt.-uiical 
geography of Leopold von Buch and the celebrated Qora of Wahlem- 
bei^. 

Id the vast forests of Sweden, MM. Martina and Bravais had many 
opportunities of observing the Pinua ailoestria, (Scotch fir,) of whi<jt 
those fbrests are in great part composed, and published at their return 
a memoir on the growth of that tree, a work which had beeu.reeom- 



158 mKom of- AconsTB bsatais. 

mended by M. De OandoUe, &nd which comprisM a mathematical for- 
mula tor lUTiving ac die probable age of a Br-tree whose diameter is 
kDOtPn. At Stockholm they carefully compared their tneteorologicfd 
iDStruroeiita, and partionlarly their barometers, with those that were 
employed I'ur quotidian meteorologiciil observations. This comparison 
vat) repeated iti all the capitals and great cities through which the; 
passed in retumiag to France, and their instruments having been com- 
pared before their departure, as they were at their retnrn, with those ot 
the Observatory of Paris, a means was thus created of reducing to en- 
fare harmony, and of referring in some sort to the same diapason, the me- 
teorological observations which are prosecuted in a large part of Europe. 

Having returned to Paris in Janaary 1840, they addressed to M. 
Antgo a detailed letter on the labors of the Ck)mmiBsion of the North, 
which was inserted in the Ooviptea-Rendus of the Academy. Their efforts 
werejustly appreciated and well-earned rewards conferred on them, M* 
BravHis receiving on his part the decoration of the I^egion of Honor, 
and authority to wear that of the Swedish Order of the Sword. lu hia 
capacity of marine officer he was charged by the minister with the duty 
of collecting, jointly with M. Lottin, all the observations on general 
physiea made by the commission, and superintending the pnblication. 
He waa permitted at the same time to occupy a chair .in one of tbe fac- 
ulties of science, then lately created in ditterent cities of France, and 
was named professor of mathematics applied to astronomy in that at 
Lyons, of wliit^ ^utty M. Tahereau, his fnture brother in-law, the dis- 
tinguished founder of the school of La Martini^, was dean. Among 
the observations made by M. Bravais at the Observatory of Lyons 
many would deserve to be cited, particularly one on a magnificent ap- 
pearance of the zodiacal light in the month of February 1842. The re- 
searches incident to a preparation for his new functions led also to tbe 
eomi>osition of an important memoir on the movement of translation of 
the sun, which he addressed to the Academy of Sciences, in 1843, From 
the profounder theorems of mechanics on the mutual attractions of the 
stars and the sun, he here establishes that the proper movement of our 
total system is towards the star ^ of the constellation Hercules. 

Elected, on hisarriva],amemberof the Academy of Lyons, M. Bravais 
bore, with his father and two of his brothers, a verj- active part in the 
labors of the scienCiflc congress assombletl in that city, and laid before 
it in detail various important considerations on the meteorology of the 
south of France. He also contributed efficiently, with MM. Lortet and 
Fournet, to the eeteblishment of the Hydrometric Society oli Lyons, 
widely known for its imijortant and nseful labors. With these occupa- 
tions was united an assiduous co-operation in the production of a work 
entitled Patria, which he edited during tbe three years of his re^ideaoe 
at Lyons, in conjunction with MM. Lalanne, Le Pileur, and Martins. 
This work, undertaken with a view to utility, presents, in a condensed 
and portable form, a miniature encyclopedia of everything relating to 
France which it is most desirable to have for immediate reference. The 
articles in this collection on geography, physios of the soil, as well aa 
many others compiled by M. Bravais, must always be regarded as models 
of conciseness and lucidity. 

But Lyons is not remote &om Switzerland and Savoy; the sight of 
the summits of the Alps, those old friends of his childhood, the sight ot 
the eternal snowB,whichreca]led to him Spitzbergen and Lapland, easily 
awakened in M. Bravais his instincts as a traveler. In 1841, after the 
close of his first course, he nndertooLc a journey into Switzerland, and 
ia order to render it sabBervieat to liie contiauadon of bis meteorologii- 
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oal labors, he esbtblisbed faimeelf on tbe Faalboro, in company with fais 
rider brother, M. Loais Bruvais, and bis friend M. Martina. 

The Fnnlhorn is an isolated monntain, elevated 2,080 metres above 
the sea aud placed tike a belvidere in face of the highest inoantains of 
the canton of Berne, the Eiger, tbe Mooch, tbe Jungfran. Every nam- 
in«r thoueanda of toorists ascend tbis peak, in order to enjoy the mag- 
nifioeut view of the snows and glaciers of the Oberland. The inn estate 
Uabed to receive them became tbe meteorological statioo of MM. Martins 
and Uravaia. They re-eatablislied there tlte Observatory of Bossekop, 
and from tbe 17th of July to tbe 3tb of Angnst made a series of obser^ 
vations similar to those of Lapland, saving tbe absence of the anrora 
borealis. Nor was natarul bistorj' tbi^otten ; familiar with mountains 
and with (he application of physics to the geography of plants, the re- 
searches ofonr savauta were rewarded by au ample harvest gathered on 
tiie acclivities and in the environs of the Fanlhorn. Experiments in 
physics also, of high interest, were iostitnted by MM. Bravais aud Mar- 
tins. M. Diimas, oar distinguished colleague^ had caused to be pre- 
pared at Paris several glass balloons provided with taps, in which as 
complete a vacuum as possible had been established. Tliese balloona 
were Ulled with the air which enveloped the summit of the mountain, 
then closed with tbe greatest care, and sent back to M. Unmas. Analy- 
sis showed that the air inclosed in these balloons contained the same 
proportions of oxygen aud nitrogen with the air taken at Paris ; whence 
a reaalted that, contrary to tlie opinion formerly entertained by Dalton, 
bat controverted by Oay-LuBsao and Humboldt, tbe ooustituent pro- 
portions of tbe air do not vary with the height. M. Bravais devoted 
the evenings, when the sky was sufficiently dear, to the study of ore- 
pascular phenomena. His observations, united with tliose of otbw me- 
' teondofnsts and aabmitted to calculation, furnished him a. new measure 
•f the height of the atmosphere, equal at least to one hundred kilo- 
netres, a result qnite ^>proximate to that which bad been given him by 
the anroras of Bossekop. 

In 1842 UiemectingattheFanlhom was repeated, and tbe same series 
of meteorological observations were oontiuued, but MM. Bravais and 
Martins appltetl themselves moreover to researches in physics of a new 
order. M. Peltier, one of our most distinguished and most exact phy- 
aidsts, Huat«;hed away too soon from science, joined them on this occasion 
aad united with M. Bravais in measuring the temperature of ebullition 
al water under different barometric pressures. The object of these 
■todies was to perfeot the tables which serve to determine the elevation 
alwvo the sea, from the degree of tbe thermometer at which water enters 
into ebullition, a method of less incouvenient application than the baro- 
metric method. 

MU. Bravais and Martins, aided by M. Camille Bravais, who now 
replaced the elder brother, made also important experiments on the 
propagation of sound. Mortars were fired on the Fuulhoru and on tbe 
■bore of the Lake of Brienz, 2,041 metres lower down, the Hash l>eing 
visible and the report beard Irom each station at tbe other. The \»t- 
eeption of the hght might be regarded as instantaneous, and by measur* 
iDg with a seconds watob tbe retardation of the sound, tbe velocity of 
its propagation was determined. It was thus found that, for dry air, 
at tbe temperature of melting ice, tbe velocity of the propagation of 
■oaud, whether ascending or descending, is ^2 metres 4 centimetres 
per aeoond, Tbis result aocortlswith thatof tbe celebrated experiments 
Biade between Vill^oif and Montlb4ry, when aoond was propagated 
lumoBtolly. LtOO^^IC 
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In 1S43 Af.Bravaismadeuoescnrsion; itwaaforhimayearof naoam- 
iug. ILis elilest brother, M. Louia Bravais, bis coadjutor in tlie oiemoir 
OQ the symmetrical arrangement of leavea, died at the commencemeDti 
of summer, aft«r six moatha of safi'ering, borae with Christmii resigna- 
tion, in the midst of which he occupied Uimseit; to his \a»t day, with 
researches in botany. Tliis painful separatiou slackened but trwi'stciitly 
the tabors of M. Augusts Bravais. He speedily returued to them viUi 
bia accustomed ardor, autl the year following entered upon a new ex- 
pedition, the last and perhaps the most remiwkabie of those which it 
was given him to accomplish. 

The supposition is not improbable that two of oar distingaisbed per- 
petual secretarie-s, always pleased at meethig one another on neutral 
glrouiid, hatl, about that time, exchanged some words on the subject of 
M. Bravais. M. Arago had, from the tribune of the Chamber of Depu- 
ties, cited him as one of the o^icers who, by their knowledge, redooted 
most honor on our marine, even comparing him, iu his extemporization, 
with the geometers of antiquity. M. Villemain, then minister of public 
instructiou, enlightened also iff our learned colleague M. I'ouillet, had 
the inerit of comprehending the expediency of an adventure which 
would crotrn, by the ascent of Alont Blanc, the previous labors of M. 
Bravais, and flrew upou the budget of his dopartmeDt for the expenses 
of this difficult enterprise. 

De iSaussnre was the hrst physicist who had made the ascent of Mont 
Blanc ; M. Bravais was the second. He shared this distinction with his 
frienil M. Ch. Martius, and with Dr. Pileur, his collaborator in e<liting 
aie jPalWo. 

It was with DO little interest that learned Europe bwl heard that M. 
De Sanssure, already celebrated for his travels in the Alps, had suc- 
ceeded iu carrying his barometer to the summit of Mont Blane, uud had 
fixed the height of the mountain at 2,450 toises. He bud made at the 
same time several experiments in physics, which have never cca«ied to 
hold an honorable place in all treatises on meteorology. But physics 
had made great progress in the space of tifty-seven years; it had be- 
oome time to renew the experiments of De Saussure, and to ndd new 
ones, of which no ideacould exist in his time. Such was tbe ymtli which 
the enlightened liberality of M. Viltemain now opened to the hardihood 
and skill of the three modern physicists. 

Having left Paris, July IG. 18^, with a complete series of instrnments 
of better construction tlian liad ever before been employnl in a work of 
this nature, the travelers stop|)ed at Geneva in order to Goin[>are them 
with those which are there daily employed, with a care and dexterity 
worthy of tbe country of De Saussure, and arrived at Cbamouni, where, 
in 1T87, this la'^t-named savant had been ol>liged to wait four weeks for 
weather propitious to his undertaking. M. Bravais and his companions 
were scarcely more favored. A first and second attempt faileil fVom 
atmospheric accidents, which were not unattended with danger, but at 
length they arrived, August 28, for the third time at a wide platean of 
snow, 881) metres below tbe summit of the mountain, where their instrn- 
ments bad bee[i permanently fixed for three weeks, under shelter of a 
small tent. The night passed cold and calm, and next day, the obser- 
vations of the morning being completed, the adventurera proceeded, at 
ten o'clock, to climb to the top of Mout Blanc. This was reached, witb* 
oat any extraordinary diCBoUties, at forty-five minutes after one o'clock. 
The wind was blowing with great force from the northwest ; the ther- 
mometer marked 7° below zero. The san shone brightly, but vapors 
veiled the more remote parts of the vast borizoa, which oxteuds Horn 
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tbeOttetfOrtotitenumnteiiuofLigaTia. Tile oiroim^iiceiit nuMmtaiH, 
(HI the ooDtnry, were eeen with great distinetneas. After throwing a 
gtaHwe on this nMgniflceat penoroma, MM. Bravais, MartiDB, and Le 
Piknr hastoivd to arraagetii^ instnuBentA — baTometer, thermtMBeter, 
hygrometer, peyohrometer, pyrheliometer, actinometer, compans; tbe 
iiiAnuneBt for measuring the htHizootal magnetic iuteomtyi-anotlier 
for meuoring the imdioation of the magnetie needle; another for measur- 
JDg the tempentnre of ebalUtion of water; instmments fear observing 
tbe tints of tiie sky and tranepurence of the atinoephere, &c., imother for 
measanng the electric intensity. The genius of I>e Sanssore bad sag- 
gasted a partof liie Sttmeexperiments, but his extempomed inetrument* 
were leas oomplicat«d than those of to-day, whose preciBi<»i ia paid fw 
by the minute precautions whidi tlieir management exacts. 

Dnring the five boors passed on the snmmit of Jliont Blanc, oor three 
pbjsicists had time to derive irom their instruments all they were oa- 
paUe of yidding, and to collect a snies of UMararementB which 1^ 
Hitle to deaiie. At the approach of evening, the prineipal ezperimeats 
in [dtyaios having been nearly terminated, M. Bravais establiahed the 
tlieodoHte, and, assisted hy M, Le Pilenr, who wrote the an^es at bis 
dictation, commenced a survey of the horizon, measuring the angle of 
depreaeioB of each of the montttains which formed it, and the azimath 
which expressed tbe direction in which it was sew. This oirouit of M« 
htrijon of Mont Btano, which had never before been made, (for De 
BMUsore had oonflned himself to general remu'kB,) will remain a valua- 
ble monument for geodesy and geology. The worb was lUmoet finished, 
and nothing remained to be taken but the least interesting jiarts of the 
panorama, when tbe process was interrupted by a pheDom«ion which 
e^oaUy surprised the eight persons (guides and travelers) then assembled 
oo Mont Blanc, because, in none of the ascents previously made, had 
any ooe ventnried to remain th«« till the setting of the sun. 

^ At fwty nunntes after ax," says M. Bravais, in the little work which 
contains hia tour ^horizon, " tbe sun approaching the moment of its 
dia«ppearan«e, we oast our eyes on the side opposite to the luminary, 
aad saw, not withont wonder, the shadow of Mont Blanc projected oa 
tha snow-covered monnUiins in the eastern part of our panorama, i 
took the summit of tliat shadow with the thedolite, and obtained the 
depression of — 1°. A minat« afterwards it was — 0° 48', ascending 
ia proportion as t^e son declined. We still remained some ten minntos 
oecnpied in packing oar baggage, and rather anxiooa to descend on ac- 
count ot the shortness of twilight on high mountains. * " * I have 
dettiwated in tbe paoonuna the form then jMresected by the shadow of 
UoBt Blanc It rose gradually into the atmosphere, as tliougfa this were 
a asDvasB on wbicfa it was Just portrayhif itself. The separation of tbe 
shadow and tbe light was strongly defined in its outlines, and it thos 
eoatinaed to ascend, rising above the monntains of Hike Valley of Aosta, 
uam it attained tbe hei^t of 1°, still reoiaining perfectly visible. The 
air above tbe oone of shadow was of that rose-pnrple tint which, in fine 
aonaeta, is seen to otiar the western ^y, wldle the border of this tint, 
^ong the line of separation, presented a more intense hne of red, enm- 
taribnting greatly to enhance ^e ^lendor of the phenoniNion. 

** Le4; the moantains of the great V^ley of Aosta be now conceived 
as also simultaneously projectiug their shadows into tbe abaosphere; 
the (Mtdine of tkeir mighty spirea distinctly visible ; dark, or rather 
finntly g re en b^ow, but soaring np into that expanse of rose-colond 
li^t flrom which they were separated by a band of deeper hue ; to this 
be added the pMOHioa of the etmes of shadow, and e^ieoially of tte 
lis 
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oirtline <tf their orestH, and, finally, the efiMi of tilie 1«V8 of pempectiTA, 
eansing ail theae lines to oonverge toward one anottier and toward the 
reflected sammit of Mont Blanc, where oar own ahadows might also be 
sappoaed to find a plaoe ; still bat an incomplete idea can be formed ol 
the grandear of the meteorological pbeD<»nenon which, for thoae few in- 
stants, displayed itself before as. It might seem as if some invisiUe 
being, seabed on a throne edged with fire, received the homage of brigbt- 
win^td angels who, on their knees, b^it in adorataim toward him. 

"At the view of so much magnifioeooe, onr arms and those of oar 
guides remained inactive, and cries of enthusiasm borst from our tips. 
I have seen the splendid aaroras of the north, with their zenith-crowuB 
of variegated and moveable colamns, not to be equalled in effect by the 
richest displays of pyrotechny ; but the sight of the shadow of Mcmt 
Blanc OD the sky appears to me more augnst by far. After indnlging 
for ten miuates in the contemplation of this spectacle, we were forced 

rin to think of retaming. Fortunately, the thll moon, rising brightly 
ve the eastern horizon, sufficed for that stage of our joamey whi(£ 
oonducteil ns agaia to our tent, where we arrived after fifty mitintea 
of very rapid desceat." 

This poetic stdly enables ns to judge whether the cold of twelve de- 
gtees, which then existed on Mont Blanc, and the management of grad- 
uated instniments, had chdled the imagination. We may l>e sure that 
observers who, at the close of the day, remained aceessible to such vivid 
impressioQs, had neglected, during its course, nothing which formed the 
special object of their toilsome and perilous ascent; and we may say, 
without Airther commentary, that skillfol physicists who have employed 
fifteen hoars of assiduoas labw to conduct, on the top of Mont Blanc, 
the operations of the best instmments known, who, moreover, have oc- 
oapied four days in following their action* on the plateau near the bob- 
mit', could not fail to have pat as in possession of scimtiflc documenta 
of high valoe, befbre which a multitude of doubts and onoertaintiee 
nasi disappear. 

Having compk^ted, at thdr tent on the grand plateau, the foar days 
of observation, the travelers descended, September 1, to Cbamooni. 
Here they rejoined M. Camille Bravais, who liad bew meanwhile en- 
gaged in making, every two hours, corresponding observadons at the 
■aine point where M. Theodore de Haussure, since so celel»4ted for his 
investigations in vegetable physiology, had co^>perated in tike manner 
in the labors of bis distinguished father, while the latter was operating 
on Mont Blanc. Nor were others iodifljerent to the issue of the ascent. 
For a month tbe father and sister of M. Bravais had gtme, every day, 
to seat themselves at a spot, in the entrance of the Vale of Annonay, 
whence Mont Bleno and the suowy crests of the Alps may be seen, and 
wbeooe b« had himself In childhood often contemplated them. They 
had not failed to be there on the 2dth of Augnst, but tbe zone of vapors 
which, fh>in Moot Blano, obBGored the plains, hid everything trom their 
view. Tbe same disappointment existed at Lyons. With the best tele- 
scopes the adventoreis conld not be perceived on the top of the gr^at 
monnt^n, and the preparatuHis made by learned ot^eagoea, MM. Ta- 
bareau, Fonnwt, Lcstet, and other eminent pbysioisto, with a view to 
eo^rate in the euterfwise by tlwir own observatioDS, lemained for t^e 
most part unfmitfal. 

The professor of astronoiBy had sacnred far bimsdf, through the 
aoeoittes of intercourse, a large share io the afibction of the faculty. 
lively, thoag^ refieotive, in disposition, ftiU of kindness, of delicacy, 
aad duiDtereatodness, M. Bravais knew how t« e^oy tlm sKoeas erf 
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otheis, and no ehade of rivalry ever found oocms to bim. Alwayn dis- 
posed to render servnce and to give ootinRel, when asked for, be fulfilled 
his own detiee with the most eompnlous exactnesn. His lectures drew 
a niimerooa auditory, for they were enlivened by the associatioDR whlcfe 
the variety of his studies and experieaoes presented witbont effort to 
his mind, and to which his vivid imagination gave an endlessly divenii- 
fled expression. In spite of the aridity supposed to be ij^erent iTi 
mathematical pnrsnits, bis conversation was picturesque and sportive, 
and often heightened by saUies in which science allied itself with poetry. 
It was never without regret, therefore, thwt his colleagnes of Lyons heard 
him speak of withdrawing. Yet, this M. Bravais was bound to think 
of, for the publication of the voyage of the Scientific Commission ol 
the North was advancing, and with that would finish the mission with 
which he hod been charged by the minister of marine. To remain at 
LyiHis would have been to renounce his career as an officer in that 
branch of service, and he sometimes thought of requesting to be sent 
ou MHue new voyage. Those who justly saw in him the ideal of the 
a^eatiflc traveler could not forbear from enoonragiug him to do so, bnt 
an Quforeseen circametance put an end to these deliberations. 

Our distinguished colleague, M. Lun6, bad just relinqnished the chair 
of physics in the Polytechnic School to occupy the place of examiner of 
graduates. The council, with great onaninity, deaignated M. Bravais 
to anooeed him. The latter, tbo^fore, a naval lieutenant, was nominated 
to replace M. Lsm^ chief engineer of mines, in aschool which furnishes 
as well officers to the marine as engineers to the corps of mines and of 
dvil oonstmctions. 

The preparati<Hi of a course so high as that with which be was now 
charged, gave, for some time, a particular direction to the studies of H. 
Bravais, and be delayed not'to publish several excellent memoirs on 
atBioBphario t^tics and the moleaculiw constitution of bodies. A year 
after his asouit of Mont Blanc he presented to the Academy a memoir 
on tke white rainbow, which completed in a very happy manner one of 
the most admirable tbeoriea of physics. 

Until these latter ages mankind had seen in the rainbow a sign of 
hc^ie, without knowing the causes of its appearance. Tbeodorich, De 
Dwninis, Descartes, had expltuned its formation by the refiraotions and 
reflections nnderg(»e, in drops of rain, by the rays of the sun. Newtos 
bad cMUirieted Uiis explanation by the consideration , of the unequal 
reeGrangibility <tf coUirs; bat none of these eminent physicists, and none 
of those who after them had been occupied with the details of the 
phenomeDon, had explained in a satisfactory manner the formation of the 
uAite rainhoie, which is sometimes seen to make its appearance on fogs of 
htUe elevation and not &r remote from the spectator, with a radius 
sensibly infienor to that of the ordinary rainbow. It was reserved for 
H. Bravais to demonstrate that if a cloud is formed of small hollow 
spheres in which the thickness of the watery envelope is comprised be- 
t»«m tldr^-eigfat and fifty-five-hundredths of the radios of the internal 
nwoam, it nnst form a white Inminons arc of thirty-four to forty degrees 
(tf radios, and ooBseqnaBtly net so large as the ordinary rainbow of the 
Amt wder, whose radius is 12° Sty. In ordinary cloods the envelope of 
Um ^obnlee of vesioslsr vapor is thinner than that required by the 
tkewy of the white runbow, whence it results that it is not formed. 
It is only to be bbcb on tieavy ft^a attached to tiie surface of the land 
or sea. True, this white rainbow is not one of those phenomena whioh 

-J 'y ca^vatothe unaginatioD; bat it is enough for the honor of 

■ to rauaA that all physieiBts and Newton himself had left 



164 MBMOIB OF AUGUSTS BKlTia. 

it withont explanation. His monoir has Uled a gi^> in tb« labon of 

the first masters of science. 

The rainbow is not tbe only pbenomenon whicb dMoribes od Qm vaolt 
of the beavens geometrical flgoreB more or lew briUiant, more or less 
vividly colored. Parhelions and btdos, less beqnent, bat not lees strik- 
ing than the rainbow, are formed nnder oircnmstanoea so visibly differ- 
ent, tbattlfar frora appearing of good aognry, they have been regarded 
by the amazed popnlations as signs of divine wrath. Mariotte had pro- 
posed to attribDt« these InrainoDs apparitions to the action exerted on 
the rays of the snn or moon by the frozen particles which remain, for 
some time, suspended in the atmosphere before &Iling in the form, of 
snov or rain. Bot Haygbens bad combated this explanation, and, for 
more than a century, it had been left in abuidonment. Brandes, Young, 
Oalle, Kiimtz, and other celebrated phyaiciaCs, bowe^, had reoarred to 
it with better anccess. Bat M. Bravais has removed ali doabts by rep- 
re8eiitirtgbyformiil&8,rednced with the ingenuity of whicb he possessed 
the secret to great simplicity, the coarse of the reflected and retracted 
rays, and by deducing from their discnssion the forma, however stawige, 
of the observed phenomena. 

According to the greater or leas depression of the temperature of the 
elevated regions of the atmosphere, the vapor is there cend^ised into 
water which gives rain, or into particles of ice which prodaee snow, sleet, 
or bail. The ice crystallizes in regnlar hexagonal prisms, which, in their 
most elementary form, are terminated by plane faces perpeudicular to 
the axis of the prism. Tbe prism is sometimes much elongated, some- 
times, on the contrary, extremely short. In the first case the frozen 
particles formed in the air are small needles of microscopic diameter; 
in the second they are small hexagonal or stellate plates, o4' a thickness 
hardly measnreable. In both cases these little crystals are very light. 
They dance in the air like those grains of dust which are seen quivering 
by myriads in a sunbeam. They fall, however, though slowly, in air 
perfectly calm. Although microscopic, they have forma of tbe utmost 
exactness, for the regularity of cryatallization ia never more admiraUe 
than in the amallest partdclea of matter. 

When the frozen particles are acicnlar priHBS. the Inminons rays pro* 
ceeding from the sun or the moon, in being refracted acroaa two fiices 
not contiguona of t^ priam, nnder tbe ao^e of minimum devi^on, sae 
broken and pnrsue their route, by making with tbeir first direction an 
angle of about 22^. In thie cafle, if tbe small prisms quiver in the air, 
a colored arc is produced comparable to a rainbow, but of 22° only of 
radina, of which the luminous body occupies the center and in which 
the red band ia situated on the inner side, l^is is tbe halo of 22°, the 
most fretgnent of all. If the small prisms, or only a part of them, &m 
gently through tranquil air, and take a vertical position, there is 
formed, on each aide of the sun and at the same height, an image of 
that body which ia called a parhelion, and which is distant from it, very 
nearly as is the arc of the halo, about 22°. Tbe rays of light wbi^ 
are refracted, at the angle of minimnm deviation, across a diedral 
angle of 90°, like that which results from the reatmgular iQ(Hdaioa of 
the faces of the hexagonal prism on its bases, are more strongly deflected 
than in the preceding case and produce t^ halo of 46<>. If the prisms 
are vertical, they give rise to horizontal oiieleB. decked with very lively 
colors, which are tangents to tbe upper part or to tbe tow«r part of tbe 
halo of 46°. 

When the frozen particles have Hie form al small, v«ry tUo bezngeaal 
plates, the diedral angles of 90°, pieaeoted by tbe ontlloe of tboir base, 
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omenrhi tb«fMiBcrtioaoftbebaloof490; imd shonld their &11 tfarongh 

txanqatl air render one of their diagonals vartical^the parhelion of 46<> Mid 
the anUielioQ make their appesraoce. The rays reOected, without disper- 
sion of colon, on.4be vertical feces of the prisms fuid liexagonal tablets 
prodace the parfatfjo drele of M. Babinet, vhieh is brilliant bat colorlesa 

Other Gombinstious may be conceived, almost all realized in nature ; 
moreover, the microsct^io crystals of ice, besides their principal foces^ 
sometimes present secondary facets, which also give rise to refractions 
and reflections, the effect of which is to break the ray of light, in each 
case, tuKler a special angle. The analysis of all the possible cases of 
tJiis kind, and the complete explanation which results therefrom of aJI 
the phenomena observed, even the most singular and most rare, fur< 
niahed M. Bravais the subject of the eonsommate memoir which is firesh 
in the admiration of learned Europe. 

Considering the phenomenon under all points of view, M. Bravais 
eoiBpl«teB the study which M. Arago had given to the polarization of 
li^t in hales properly so-called, by extending it to all the parts of me- 
teors of this nature. 

Equally skilled as an experimenter, and versed in the management 
of an^ytio formulas, he ooncMvee an ingenious af^aratus which, by the 
rapid rotation of a transparent pri»n with vertical axis, represents with 
maoh exactness the multitude of needles or vertical flakes of ice sus- 
pended in the atmosphere, whose horizonud movement, dispersed in all 
direotioas, produces the greatest uumber of atmospheric illuminationa. 
By means of this new instrameut, and of artificiul light, we are able to 
leprodnoe in a cabinet of physics most of the phenomena of meteoro- 
logictil optica. 

Id Lapland and on Mont Blanc M. Bravais hod had unmerons oppor- 
tanities of observing the crystalline forms of snow. Ue had often met 
with admirable crystallizationB of congealed water, and had always de- 
scribed th€Hn with a peculiar predilection. In his memoir on halos be 
employs the notations and i'onntUas which represent the crystalline sys- 
tnu of the ice, as one perfectly conversant with th^m and thoroughly 
master of their principle. But he did not stop there, and his studies 
eveutn^y extended to the whole science of crystallography. 

In bis view crystals are as«embtage« of molecules, identical as regards 
fHie another, and similarly oriented or arranged, which — being reduced 
in thought to a single point, Uieir center of gravity — are disposed in 
reetihnear and paralld rows, in each of which the distance of two points 
is constant 

The points of an ostenAlage are aligned in rows, corresponding to an 
endleea nnmber of different directions ; but the knowledge of three rows 
not paraliti and not comprised iq the name plane is suMeient completely 
to determine the auembiage of which they form a part An inhuitude 
of aatemblages entirely ditferent may be conceived. By a profound 
mathematical study M. Bravais had succeeded in discovering the de- 
ffnes of symmetry, more or lees great, of which they are snsceptibla 
He finds the taxs and the piane» of symmetry which they may present, 
and establishes tbtrt aeoording to the number and arrangement of these 
ons anH jtlatttB of ttfmtMtrif, the otMrnMa^poasessiug them are divided 
lote fir elanes. By adding to these the a^mmetric assemblages, in 
which there exist neithw axes nor planes of symmetry, we have seven 
olames of antmbtage*. Thus are evolved the most simple and general 
laws of the symmetry observed in crystals, and the adoption, iu crys- 
tallography, of «we» nystttlUne ajfttema is a necessary consequence. Of 
tUi Uaiiy bad bod aa IndistiBct perception ; but he conduit tbiM) tivp 
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of the ByBtems mi^t be blended in a nngle one, aod after bim all oiys- 
tallographers had admitted ai^ orjwfoUMM sj/atmu oulj'. M. Bravais 
demotutraUt that it is uecessary to retara to tiie Dumber serea, aod thia 
demon Htrat ion, accompanied by all the light which resolts firom a ge- 
ometric analysis so profoand as his, is no slight additfou to the immor 
tal creation of Hady. Lia^nnJige and laplace had followed, iu 1764, the 
leasona of the ingenious iuveotigator of crystals, but had been coateat 
with simply admiring them. The grounds of tbe beautiful scieii<x> doe 
to his genias had never been studied Irom so high a point and with ao 
much generality as in the memoir of M. Bravais on the ayttemt formed 
by points ; a memoir to which our illustrious Cauohy has, in a zeioarka' 
ble report, given his most unreeerved saoclion. 

You do not expect me, gentlemen, to enter here into tbe detail of pro> 
ceedings, though simple, yet rigorous, by which in a second memoir, en- 
titled Etudes cryiialhgraphiqttes, replacing empirical rules by tbe theo- 
rems of geometry, M. Bravats deduced from his fuadameotal results 
all the formulas of crystallography with that marvellous lacllity which 
denotes almost infallibility iu the radical solution of the difficulties of 
a sabject. Being limited as to time X shall restrict mysdf to the stste- 
ment that in the second iiart of this memoir, ceasing to regJird the mo- 
lecules as points and considering them as small bodies, which he calls 
atomic polyhedrons, he throws Ught upon the relations which exist be- 
tween these latter and the various crystalline systems. He reduces to 
simple laws the phenomenon, until then almost unknown, of the hemi- 
hedrat, ugwn which our learned fellow-member, M. Delafosse, iu a justly 
celebrated memoir, has diffused unexpected light. M. Bravais demon- 
strates that he could exhibit twenty-five cases of hemihedral forms, of 
which only eleven had belbre beeu discovered, though these were for a 
long time amply suOicient to exercise the sagacity of crystallographers. 

Not forgetting dimorphism, one of the claims of Mitscherlich to dis- 
tinction, uor the curious discoveries previously made by our ingenious 
fellow- member, M. Pasteur, M. Bravais, in a third memoir, gives tbe 
results of his equally successful labors on the i>ecuhar form of crystal- 
lization exhibited in a mineral called ma^ile and h^mitropes, which bad 
beeu in their turn a stumbling-block to the crystallographer. About this 
time he was also at work upon investigations relative to the connection 
of atmospheric optics and crystallization, as well as composing varioos 
memoirs upon subjects entirely difi'erent, but relatiug for the most part 
to meteorology, some of which are not the less remarkable from being 
outside of this branch of jtbysical geography. 

He was endowed with a remarkable iacilit^ for all kinds of intellect- 
ual labcM*, and he possessed the rare faculty of occupying bimself at ttw 
same time with the most varied subjects : hydrography, navigatioUf 
astronomy, atmospheric optics, physics, properly so called, geometry, 
wystallography, pure aualysis, aad natural scieooes, were at ouoe the 
subjects of his investigations. It might be said of him, notwithstand- 
ing the appareut opposition of words, that the universal was bis spe- 
cialty. 

All his memoirs have received honorable notice in our " Oomptea- 
Rendua," and met with merited soooess by their publication iu Uie moat 
esteemed scientific transactions of the day. They continually present 
ingenious aud frequently profonud conceptions, which are well worthy 
of special attention, but which, for want of time, i am not at present 
able to specify. The works of Bravais, taken iu their totality, Uire of 
immense extent, and 1 am Ibrced to limit myself to a sketeh of the prin- 
cipal treatise. As au astronomer, called upon to give an abridged ide» 
of the firmament, can on' detail of the stars of the flrat mag- 
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iiitnd«, SO I must be content merely to mention among the Torfcs of iS, 
Bravtds those wfaiob form his obief claim to the approbation of the 
Academy. 

By his investiffations on crystalloffrapfay he associated bis name witb 
tiiat of tbe immortal HaUy ; from his ascensioD of Hont Blanc he con- 
nected it with that of De Sanssnre ; in his work on Ijapland he was tbe 
worthy continnator of the celebrated voyages of Leopold von Bneh, and 
of tbe prtrfbnnd sCndies of Hansteen. His memoirs upon halos, jmrbe- 
Hone, and npon tbe white rainbow, completed in tbe most haiipy manner 
the theories of Mariotte, of Huyghens, and even of Descartes and New- 
toD. After sach acfaievementa, gentlemen, tbe name of M. Biavais could 
w> longer rejnain separated from tboseof tbe members of the Academy. 
In the beginning of the year 1854, by tbe death of Admiral Bonssin, a 
place was made vacant in the section of geography and navigation wbicb 
M. Bravais was elected to fill. Ton were right in supposing that this 
was in your ranks the most befitting place Ibr a sailor and a traveler 
who bad enriched by so large and so varied a mass of observations tbe 
domain of physical geography. 

Admitted to a seat in the Academy, M. Bravus testified his gratitude 
by his assidnity, by the number and importance of his commnnications. 
Still he did not enjoy as he would have done several years previous, the 
honor, long and ardently desired, which crowned so worthily an ex- 
tended career of labor illuminated with flashes of genius. He was no 
longer what he had been; a visible change was wroaght upon bim. A 
Tieil of sadness was thrown over that countenance, marked witb open- 
sees, modesty, and amiability. At tbe close of tbe year 1847 M. Bra- 
vais was nnited in marriage to Mademoiselle Antoinette Mouti^, of 
Paris; and be found in this union all tbe charms of a new life. His 
time divided between the pleasures of family intercour^ imd the coo- 
tinnation of bis works, he bud never labored with more ardor nor taken 
a more active part in scientific enterprise. Independently of bis innii- 
merable pablicatious, he bad assisted! in establishing the Annwiire M4- 
Uarologique de France, and was one of tbe principal founders of tbe 
Heteoro logical Society, which, at its first session, in 1852, elected bim 
its annual president But the year IH.'SS, which preceded his election to 
tbe Academy, was for him one of disastrous auspices. At the com- 
meoeemeut of this fatal year he lost his father, tbe venerable friend 
who, having been his first teacher, continued deeply interested in his 
labors, regarding them with tenderness mixed with noble pride. Almost 
i^the same timehis only son was taken from bim by an epidemicof which 
t^e fatal infiuence was particolarlyfclt at Farisamongchildren. This was 
a mortal blow, from which be never recovered. Peculiarly susceptible 
to &mily affection, which was the charm and snpport of bis life, with 
bis fotbcr disappeared the enchantment of bis earliest and sweetest re- 
membrances. One brother died soon after ; he had lost another ten 
years previous. With bis beloved child vanished forever the joys of pater- 
nity — labor still remained for bim, and he applied himself withont re> 
laution. He was stimulated by the desire to reply to the kind wel- 
come of the Academy, and by the counsels of his friends, who emlenvored 
(o win him by work from the remembrance of his griefs. He tininbed a 
number of memoirs containing important results, and evidently wenb 
beyond hirstrength. Unceasing labor soon began to tell npou bim. 
Sleep fled from his eyelids during the night, and overpowered bin 
daring tbe day. This was in accordance with his feelings. He wished, 
as in his cabin of the Loiret, to eoasecrat« his nights to work; he even 
desired, as in Lapland, to vanqnisb sleep bj- coffee; trnt-his organs no 
longer retained the dexibility of youth. 
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Madame Bravais was oonvinoed that Itimr wonld be a M^ataiy diver- 
■ioD for her husband, while at the same time she dreaded exoeasiTe 
fatigae. Tenderness came to her aid and prompted her to resort to a 
plan to avoid this evil. It was a oharming and at the same time heart- 
rending sight to see her as early as four o'clock in the morning a&siBting at 
his table; forgetting her own griefe, by turns endeavoring to moderate 
his ardor, and to raise his waning courage. But the evil contiuu»lly in- 
ereaaed, the work no longer amounted to any thing; memory was at 
fault; he could no longer recover the ingenious ideas which he had pre- 
viously remembered without committing them to paper. He wished to put 
the last tflucfaes to a large memoir upon mirage, which woal<l have com- 
pleted his labors on meteorological optics, and which, with his usual 
Biodesty, he pronounced the most imperfect of his works. He corrected 
it; he curtailed it; he spoiled it, tind, alas, dually made the sad discovery 
tiiat it was impossible for him to complete it. The darkness of the night 
seemed to shroud tlie intellect hitherto so active and brilliant ; he lelt 
tiie Polytechnic School for ever, and we ceased to see him among us. 

A well-kuowu disease developed itself, accompanied with fever and 
gnat, suffering. He was sustained in this trying period by deep re- 
Ogious sentiments, the unalterable sweetness of his character manifest- 
ing itself in a wonderful resignation. 

Madame Bravais went with him to VersailleB. She obtained quarters 
at the entrance of tlie park, and later near the Bois de Vancresson and 
of Lamarche, changing her residence as often as was needful, in order 
to obtain new and picturesque sitnations. This at first seemed to please 
him, but at length ceased to produce any effect. He still took quite limg 
walks with his friends, who remained faithful to him in his mi^ortanes, 
piu^icularly with Doctor Bi^rigny, collaborator in the Annvaire MitAh 
rotogique, whose unceasing devotion continued to the end. He retained 
his strength, and preserved all the sweetness and kind expression of his 
countenance, but his memory was gone beyond reci^l. He recognized 
neither objects nor individuals, perhaps even did not always know dis- 
tinctly the one who became to him a tender mother, consecrating her life 
to relieving his sufferings, and administering to his wants. 

Borne glimpse of light occasionally pierced through this cruel night, 
and gave rise to hopes which anfortunately were destined soon to vanish. 
One day he saw, on entering his chamber, his uniform as a marine 
officer, banging over a chair; his face brightened, and » tear escaped 
from his eye. Another day be smiled on receiving a bouquet of wild 
flowers, which his sistor had gathered tbr him and laid upon his knee. 
This was the last smile of our fellow-member; he passed away on tho 
30th of March, 1863. 

Madame Bravais only left her pillow to pray near his coffin. The 
tomb alone separated her from one to whom lor seveu years she had 
been as a guardian angel. Having lost all whom she loved on earth, 
her only son and her husband, she felt as though there was no longer 
a place for her in the world. She embraced a religious life in a convent 
belonging to one of the most anstere orders, where happily she has found 
consolation in her devotion and in the assurance which has been givea 
her that the threads which were broken upon earth will be united in 
Heaveo. 

Oentlemen, may the honor which you bestow to-day on the remem- 
brance of a dearly beloved husband penetrate into this asylum of grief, 
and become a balm for a wound which even ttme will not have power 
to heaL The voice of the heart is heard .under tliese sacred vaoltS} 
where the voice trf the world may not penetrate. 

-ctvGooj^lc 
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The family of the celebrated tratanist and ethnologist, to whose mem- 
fflfy this sketch is dedicated, traces ita origin back to Galeottus Mar- 
tioB, a femoas physician and astrologer, born in 1127, at Kami, in 
IJmbria. Atwnt the year 1450 be occupied a professorial chair at 
Fsdaa, bat, persecuted by the Inquisition on account of reformatory 
teodencies and compelled to leave Ita!^', he subsequently ncnt to the 
coart of the learned King Matthias Corvinus of Hungary, who ap- 
pointed him his c.ounsellor and librariau. The descendants of Galeot- 
tns mostly spread tbemselves over Germany, and many are known to 
have pnrsacd learned professlous, thua forming an ancestry worthy of 
dieir distinguished successor. 

Carl Friedrich Philipp von Martiua was bom on the 17th of April 
1794, at Ertangen, Bavaria, where his father, Ernst WUhelm Martina, 
owned aa apothecary establishment, holding at the same time the po- 
sition of honorary professor of pharmacy in the university of that city. 
A man of superior general acquirements, he was especially interested 
in botany, and has left some writings relative to bis favorite study. At 
the advanced age of ninety, be published an interesting and well-writ- 
ten book, containing recollections of bis long and eventful life. He 
died in 1849, in bis ninety-third year. 

His eldest son, the subject of this sketch, was carefully educated at 
home and in tbe schools of Eriangen. At an early age be already die- 
played the germs of those talents which afterward made him conspicu- 
ous in the world of letters, and, when still quite young, ho manifested 
3 determined resolution to devote himself to a scientific career. Though 
bis juvenile inclinations leaned toward natural history, he also exhibited 
mnch taste for tbe stndy of ancient classics, a tendency which, nurtured 
by ekilltul teachers, not only developed and strengthened his intel- 
lectual capacities, out also enabled him, when in after years he 
composed many of bis writings in Latin, to express himself in 
tbat language with a precision and elegance not often met with 
in oar time. In fact, during his whole life the reading of Latin 
and Greek authors formed one of his principal recreations. When 
only sixteen years of age, Martius was admitted, 'in 1810, as a 
student in the university of his native town. He had decided to 
prepare himself for the medical profession, chiefly because this study 
afforded him the widest field for Indulging in his lovo for natural 
sciences. His favorite branch, botany, was then taught at Eriangen by 
a pupil of Linnteus, the learned Schreber, who does not seem, however, 
to have l>een gifted with a happy method of imparting information ; 
hence Martiua and his fellow-students ftelt more attracted by thelectures 
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of other professore of the nniversity, sncb as Hildebrandt, Harless, 
tioldfoss, Vogel, Wendt, and others who flonrUhed at that period. In 
1814 Martius re«eived the diphima of doctor medieina, hnviiig passed 
with honors the esamiontioii iiecesaary to obtain that grade. His in- 
aagural dissertation was a critical catalogue of the plants in the botan- 
ical garden of Erlangen.* In this first literary attempt, which forms an 
octavo volume of 210 pages, he followed the classification of Linntens. 
Shortly afterward we flBd Martins among the iUvea of the Boyal Acade- 
my of Sciences at Munich, deeply engaged in botanical studies, and 
appointed assistant to Schrauk, the conservator of the botanical garden. 
An excellent opportunity being thus offered to the young botanist of 
enlarging the knowledge thready acquired, he devoted Himself with en- 
thnsiastic zeal to a pursuit that harmonized so well with his taste- 
While iQ this position he published his FU)ra Cryptogamioa Erlangentia. 
(Iforimberga, 1817,) a work already begun at Brlaiigen, which embraced 
his first independent investigations, aud attracted by its merits consid- 
erable attention from competent botanists. His superior talents, com- 
bined with an Indefatigable industry and excellent personal qualities, 
could not fail to endear him to the older members of the Academy, men 
eminent in their special departments of science, whoexerted a most bene- 
ficial and lasting infiuence on his mind. Indeed, he was placed in an 
enviable position ; fortune smiled on him and smoothed his path to dis- 
tinction. One circumstance, however, must be particularly mentioned 
in this place ; for it is that on which his future success in lit^ chiefiy 
d4[»ended. The King of Bavaria, Max Joseph I, an ardent lover of 
botany, frequently visited the botanical garden of his capital, on which 
occasions he usually selected Martius for his companion aud guide. 
Thus becoming acquainted with the young naturalist's acquirements 
and talents, he honored him with his special favor, and seized upon 
the first opportunity of showing his good will in a practical manner. 
This excellent monarch had for some time conceived the plan of sending 
scientific explorers to South America, and in 1815 he had already con- 
ferred with the Academy in relation to this matter: yet two years 
elapsed before the realization of bis design. In 1817, when the Austrian 
Archduchess Leopoldina, the bride of the crown-prince of Brazil, after- 
ward Emperor Dom Pedro I, was about to depart for the New World, 
Mettemich cause<1 some Austrian savants, charged with scientific labors 
in Brazil, to be tidded to the suite of the princess. The Bavarian gov- 
ernment, wishiug to profit by this occasion, asked, and was granted, 
permission to send in the same vessel two naturalists, who, upon their 
arrival in South America, were to carry on their investigations inde- 
pendently of the Austrian corps. For this purpose Max Joseph selected 
as botanist his gifted protege Martius, then a young man of twenty- 
three, and Johann Baptist von Spix, a member of the Academy, who 
was to take charge of the zoological department On the 2d of April, 
1817, the party left the harbor of Trieste in the Austrian frigate Austria, 
and touching at Malta, Gibraltar aud Madeira, reached Kio Janeiro, 
after a prosperous voyage, in the middle of July. One may easily 
imagine the feelings of the two travelers, especially of the youthful and 
enthusiastic Martins, when they stood upon the soil of the wonderful 
country that lay before them with all its treasures of naturor— the very 
El Dorado of a naturalist, then fjar less explored than at the present 
time, and promising the richest harvest in every field of natural science. 
On the 8th of December, 1817, the two Bavarian savants set ont on 
their expedition into the interior. Having first visited the province of 

* FUManm HorH .ioodmlci Erlaagmiii Aawnmlw. ErlMnga, 1914. 



UEIKUB OF C. F. P TOH lUBTmS. 171 

San Paolo, they passed io a Dortheaaterly directioo tbroaefb the prov* 
luce ef Minas Geraes ae far as Miaas Novae; theo tbroagh the Serra 
Diamaotiaa, toncfaing the province of Ooyaz, when they tarued again 
toward th« Dortheast and proceeded to San Salvador, tbe capital of the 
povinoe of Bataia. They arrived there in November 181«, After a 
short »ojoam at this place, aod having visited the Botocudoa and other 
adjacent Indian tribes, tbey coatiaued their joamey toward the north, 
traversing the provinces of Peruanibuco, Piauhy, and Maranhao, nntil 
they reached San Lniz, sitoatetl at the mouth of the ItupicurA. From 
there they weat by sea to the estuary of the Amazon River, arriving at 
Para in June 1819. They then ascended this mighty stream for mor^ 
than two-tbirdB of its length, as far as Tabatinga, close to tbe fiontier 
of Peru. The travelers having separated for awhile to visit diflerent 
parts of this region, Martins explored one of tbe tributaries of the 
Amazon, the Rio Japnri^ (Vupurd) until be arrived at the cataract 
3a]to Grande de Araracoara, which impeded a further advance. The 
larger afSuents of the great river, the Kio Negro and Bio Maileira, were 
likewise explored some distance, the latter as far as the districts of Uie 
Mnadrucb and Mauh4 Indians. It must be remembered that the navi- 
gation of those waters, which is now greatly tiicilitated by steam ves- 
■eU, had then to be performed in hired or purchased boats, which, being 
manned with Indian rowers, afforded hardly room f«r the travelers and 
their ever increasing luggage, and offered no other protection against 
the burning equatorial sun and the heavy rains but a slight cover con- 
Banct«d of boughs. Amid a multitude of inconveniences, and some- 
times exposed to real danger, they had to keep their joumaU, and to 
prepare and preserve the natural objects obtained during their excur- 
sions on tbe banks; yet the collections they brought back, which now 
enrich tbe museums of Munich, bear evidence of their great success.* 
Descending tbe Amazon, they arrived again in Pars in the middle of 
April ISl'U. Two months afterward they embarked for Lisbon, and 
reached Munich in December 1820, after an absence of nearly tbur years. 
The expedition of Spix and Martins certainly ranks among the most 
important enterprises undertaken for scientific purposes in this century. ' 
Xbeir exfdoratioQS extended over a distance of nearly one thousand 
bur hundred geographical miles, and have, like the travels of Alex- 
ander voD Humboldt, furnished the material for numerous works em- 
bracing inany departments of science ; indeed, tbe period of nearly half 
a century, which has elapsed sinoe the returu of the natunilists, was 
not sufilcieni for folly developing, and giving to tbe scientific world, all 
results of their researches. Since La Oondamine descended the Anio- 
un, Spix and Martins were tbe first learned Europeans who visited 
(hone mighty waters; and though others had previously explored cer- 
tain portions of Brazil, the country, on the whole, still remained com- 
paratively unknown. Hence the importance of the Bavarian expedi- 
tion. The names of Spix and Martius are intimately connected with the 
natoral history and ethnology of the empire, and will tie gratefully 
rememt>ered in future times by alt those who tt^e a scientific interest in 
that Goaotry, or wish to inform themselves concerning its condition ia 
the early part of our century. 

'Bnridcs valnablemJDeralogicalaiiil etiological specimens, their coIlM^tioDH embraced: 
— mmala, HSspecies; birds, 360; AiiipCibia,130; fishea, 116; lusects, 2,700 ; arachnldae 
■ad cnMtMnKns, «bc)i 50 ; plants, about ft,&UO. Tbe Utter, mostly rcpreeeDted b^ ser- 
*nl •peeimens Bud caivmlly ureserved, coDstitnte now the most vduable portioa of 
tb« royal tHirbariDiu Bt Muuicn. The botanical rarden also received Its share, purt^ 
ia llTing plants, partly In such aa were raiaed from tbe collected seeds. The wbov , 
«M placed DDdiu tbe cue of the Academy. i- ^'-^ I C 
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Hie Brazilian voysge laid the foandation of Hartios-* fdtnre Bncc«s8. 
On the very day of their retarn, he and Spix were decorated hy the 
King with the civil order of Bavaria, and Bhortly afterward Martins was 
elected a member of the Boyal Academy, and appointed second coo- 
BervBitor of the botanical garden. ~ At the age of twenty-six MarlinB 
already enjoyed a repntation which, in common life, is nsoally only 
acquired by men of riper years ; for not many are favored with advan- 
tages sncfa as were offered to him. Hia sojourn in a country perfectly 
new to him, and hence the necessity of acting independently, had made 
bim self-reliant and practical, while the number of objects constantly 
claiming his attention had served to quicken his power of perception, 
and to develop all those qualities which, when combined, constitute the 
trae naturalist. His experiences in the wilds of Brazil were to him afar 
better school than many years spent in constant closet-study. 

His retnm from Brazil marked the beginning of a long-continaed lit- 
erarj' activity, resulting in highly important works, to which reference 
will be made hereafter. As an event of this period we have also to 
record hia marriage with au accomplished lady of noble descent, a union 
which gave him a home and a family, and promoted in no small degree 
the happiness of his existence. The domestic circle wastohimthrough- 
out life an asylum of p«ace and contentment, where he rested from his 
professional labors, enjoying the society of his family and of numerooB 
friends who loved to gather under his hospitable roof. A great change 
occurred in Martins' position in the year 1826, when King Ludwig I, 
who had ascended the throiie of Bavaria, transferred the university of 
Landshut to Munich, and appointed him professor of botany. Six years 
later, the first conservator of the botanical garden. Yon Schrank, tieing 
then very ol<l, retired from offlce, and Mu1;iua was installed in Lis place. 
He was eminently qualified for discharging the duties now incuml>ent 
on him. Perfectly acquainted with his science, he possessed the faculty 
ef presenting it in aa easy and attractive manner. He spoke with ele- 
gance and fluency, and sometimes, when carried away by the snbject, 
his eloquence even partook of a poetical character. For practical de- 
monstration the botanical garden, carefully superintended by Martins, and 
the herbarium, afforded ample means, to which must be added frequent 
botanical excarsions undertaken in company with the students, with 
whom he entertained very amicable relations, gaining their affections 
no leas by conscientions instruction than by the beaevoleat, paternal 
friendship be bestowed on them. Among the number of his pupils who 
became prominent, may be named Alexander Broun, Hugo von Mohl, 
Oorl Bommi>er, O. Sendtner, 0. H. Bchultz-Bipontinus, and Spring. 

In 1S40 Martins was elected secretary of the physico-mathematical 
class of the Academy, an honorary offlce imposing much labor, which 
he performed uptil his death with care and punctuality, and great ad> 
vantage to that scientific body. By this y^o^ition he was charged with 
all correspondence and literary exchanges with other learned institu- 
tions, and whenever a foreign or resident member of the Academy died 
it was his duty to deliver an address commemorative of the life and 
merits of the deceased. These enlogies have been much admired for 
the excellent style in which they are composed, and the skill displayed 
in the general treatment. They are deemed fully equal to the celebrated 
6loge8 by Cavier and Flouren^.* 

* The «ulogiea read bj Uuttus are contiuiied in aa ootavo Tolunw of SI9 ikurea. 
eotilled AbaOernitelui Ikntrtden von C. F. Pk.m>K Martiaa, (Lt^cia, 1S6( 
later date (on Faraday, Brewaler, Flourena, &c.) were publubed ui tli« 
tlw Academy of the year 1868. ( ~ 1 1i >o [i 
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For th« rest, Uie pr^ieesional career of Mftrtiag i» aot marked by uy 
striking incidentB. Lectures, literary labors, aiid the superiDtendence 
of tbe botaoical garden fully oecupied his time, and his tiaveis, after 
the American voyage, extended not farther than France, Belgium, Hol- 
liuul, England, and Switzerland. He nsed to spend bis summer vaca- 
tions in the picturesque Bavarian monntains, especially at Scblehdorf, 
on tbe Kocbel-See, where his hospitable house formed a rallyiiig-place 
for hia numerous trieods, who remember with feelings of gratitude the 
days paased there amid delightful natural scenes and in a highly intel- 
lectual, re&aed society. Though of a vigoroos constitution, Von Martins 
was iu later years subject to ^ose chronic iudisposidons which usually 
result &om the sedentary habits of men of letters, and he found himself 
t^refore obliged to resort repeatedly to watering places, especially to 
the mineral springs of Kissiugen. The salutary effect derived irom the 
use of these waters was in some measure counteracted by the bustle 
and distractions peculiar to such localities; for, meeting there distin- 
guisbed friends, and being, moreover, naturally inclined to social life, 
tbe mental excitement produced was rather unf»vorable to tbe improve- 
ment of his physical condition. 

In the year 1854 an unexpected event caused the premature termina- 
tion of Martins' ot&cial activity. It was decided by the government 
tliat tbe glass building for the industrial exhibition then to be held at 
llunich should be erected within the area of the Iwtauical garden, 
which had but lately undergone great improvements at a sacrifice of 
mach time and labor. It was in vain that Martins remonstrated against 
ft measure which threatened his beloved instttution with serious disad- 
vsotages, and when he found his objections unavailing, he finally re- 
signed, deeply disappointed, both his professorship and the superiutend- 
e3ce of the botanical garden. 



The literary activity of Professor ¥on Martins was very great Tbe 
writer has in his possession a printed list of his works and minor writ- 
ings, which embraces no less than one hundred and sixty titles. A 
number of these publications are written in the Latin language, and 
BO*t of them, of course, relate- to botany, bis spetualty in science; bat 
thwe are also valuable contributions to ethnology among them. In 
treating of his merits as an author, it is proper to mention first the nar- 
rative of the Brazilian voyage performed by him and Spix.* This is a 
substaatial and most carefully prepared work, in tbree quarto volumes, 
aeeowpaaied by an atlas of large size. The volumes apiieared respect- 
ivdy iu 1833, 1828, and 1831; Spix, however, died in 1826, and hence 
the two last volumes were almost entirely written by Martius alone. 
Every one who examines this work most be struck by tbe vast aiDOuat 
of vaned informatiuu it contains, for the travelers directed their atten- 
taon not merely to the natural history of Brazil, but investigated also 
with searching care everything else within their reach which they 
deemed worthy of inquiry. The nature of.the country, its prodnctionH, 
different races, social oondition, oommwoe, agriculture, mining, statis- 
tics, &c., are tregted with a surprising minuteness, and, where the sub- 
ject is of an elevated character, in a superior style, which has repeatedly 

' Keitein Bra^lien, at^f Uefi^i Sr. MajettSt MaxiniUiaii Joteph I.KSnigi ton Bayer*, fn 
im JtArem Itil?, miB, 1819 vnd 1S20 ganadit, und ft«9cfcHfbc« rmtJ.B.vtnt Spix iifld C. F. 
n. rok Martina. Three toIb., 4to ; Uiinich, 1923-31; with &d fttUa. 

There 1h an EuglUU tranststiua of the first voltuoe b; R. R. Llofd; London, 1B24; 
f Tota., Svo.; plates reduced to the size of the Tolumeo. 
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elicited the praise of Qoetbe, the great mastw of Oerman compositioD. 
In fact, certain portions of the work, each as give tjie imprcsuiona pro- 
duced apOD the travelers by the sublime natural scenes of Brazil, have 
Kiased into oolleotiooB contiuning model pieces of Qennan prose.* 1%e 
rge atlas, ornamented with a wetl-execnted allegorical title-page, 
comprises maps, orographical diagrams, panoramic views of mooDtain 
chains, landscapes, representations of typical animals and plants, and 
quit« a number of plates illustrating the domestic and hunting life, the 
feasts, dances, and ceremonies of the aboriginal inhabitants. Their 
fabrics and arms are figured on two plates. In addition, there are many 
&ithfally executed, large portraits of Indians of various tribes, exhibit- 
ing their peculiar features and the curious manner in which they dis- 
figure their ears, lips, and chins by the insertion of ornaments. Of 
particolar interest are some plates containing representations of Sgnres 
sculptured on rocks, as affording the means of comparing the pictogra- 
phy of the Brazilian aborigines with that of other indigenous inhabit- 
ants of the American continent. 

On the whole, the narrative of Spix and Martins is one of the most 
important and comprehensive works of travel published io modem 
times, equaling in merit the researches of Humboldt relative to Mex- 
ico and other parts <tf America. It will remain a lasting monument of 
the zeal and perseverance of its anthors, and an honorable testimo- 
nial to the enlightened prince who brought aboot its realization. 

Simnttaneously with the account of their travels, Spix and Martins 
began to prepare their strictly scientific works on the botany and zoo- 
logy of Brazil ; the former department, of course, being in charge of 
Marttps, while Spix treated the subject of zoology. But as Spix bad 

* We cnnuot refrain fmtn innertiag licirc, ae a 8p<iciincti, the deachptiou of eveniogs 
spent af"- "- -' "- "— ■ -"—^ "" ■----—- 



of tbe day are past, ami gentle breeies, imprcKnat^l with balsamiu perfames from the 
neighboring wooded mouutaius, cool the air. This enjoyment continue* to increase as 
tbe night spreads over the land and the sea, which shinee at a distance, and the citj, 
where the noine of buaineas has subsided, is gradually lighted. He who has not pei^ 
•onally experienced the encbautment of trauqnil moouliKht nights in these hsppy 
lutitudes can never be inspired, even by the most foithfal description, with tlioae def- 
ines which scenes of such wondrous beauty excite in the mind of the beholder. A 
delicate, transparent mist baiiKH over the conntry, the moon shines brightly amidst 
heavy and singalarly grouped olouds; the outlines of the objects wbiob aie illnminated 



by it MB clear and well deliued, while a magic twiUght seemi to remove &am tho eye 
those which ore iu the Hhade. Scarce a breath of air ia stirring, and tbe neigliboring 
mimosas, that have folded up their leaves to sleep, stand motionless beside the dark 
OTowns of the manga, the Jaoa, and tbe ethereal jambosj or sometimes a endden wind 
arises, and the Juiceleas leaves of the ac^u rustle, the richly flowered grumijamB aad 
pitanga let drop a fraerant shower of suow-white blossoms; tbe orowtu of the ma- 
jestic palms wave slowly over the silent riHif wliicb they overahado, like a symbol of 
peace and tranquillity. Shrill cries of the cicada, the grasshonpor, and the tree-liw 
make an Incessant hum, and produoa by their monotony, a pleasing melanoholy. A 
ata«Ma,geuUy nutrmnringidMoendafrimiUtemoniiUuDi, and the maoao, (i'crAnkcnjw- 
asMu,) with its almost buman voice, seems to call for help from a distance. Eveiy 
quarter of an hnur different balsamio odors fill the air, and other flowers alternately 
unfold their leaves to tbe nigbt, aud almost overpower tbe senses with their perfqme; 
now it is the bowera of paalHnias, or tbe neighboring orange grove, then the thick 
tnfto of the enpatori^ or tbe baiiohes of the flowers of the paints, suddenly bnratiu^ 
which disclose their blossoms, and thus maintain a constant siitwMsion of fragnuee. 
While tlie silent vegetable world, illaminated by swarms of fire-flies, as by a thousaad 
moving star*, cbanns the nigbt by its delicious effiuvia, brilliant lightnings play 
iDceesaotly in the taorlion and elevate the mind iu Joyful admiration to the atan, 
which, glowing in solemn silence in the firmament above tbe continent and ocean, fiU 
tbe soul with a presentiment of still sublimer wonders. In the ei^oymeul of the 
peaceful and magio InfluOnoe of sncb nights, the newly-arrived Europeoa ramemben 
with tender ItmglngB his native borne, till the luxuriant scenery of the Uopioa has 
become to him a second ooiiiitry."~{EDgllab translation, voL t, p. ISO.) 
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died in 1836, the assistanoe of Agassiz, Perty,' and Andreas Wagner 
was required to continue the zoological labors, whicli resulted in the 
pablication of Beveral folios with beau tlfnlly exeuated plates. We meo- 
tion the following: 

Kew Rpeciea of Brazilian monkeys and bate, by Spis.* New spe- 
cies of lizards, snakes, turtles, and ttogs, by Sptx.t New spedes of 
birds, by Spix.^ Flnviatile testaceans, by J. A. Wagner.^ Fi^ea, by 
Agafisiz.{1 Insects, by Ferty.H 

In treating of the Brazilian flora,** Martitu first eonflned himself to a 
selection of the plants collected by turn, which be described in two 
works, entitled iVbra Gmera et ^«eie» FlaiUarum Bra»ilien»iun\\ and 
lootua SelecUe Ptonterum Cryptogamricarum BratUue. 1A In the prepara- 
tion of the first Tolnme of the flrBt-named work, which describes the 
phancrogamoQS plants, he was assisted by his too-early-deceased ool- 
league Zaccarini. The object of the Jconea 8eleeia^ &e., is indicated ia 
Hie title. To the latter work Hugo von Moh) contribated an excellent 
treatise ou the stmctnre of the stems of tree-femB. BotJi works are 
highly esteemed. They contain ttill and precise descriptions of sin^e 

Slants as well as of whole series and groups of kindred species ; and it 
I particularly worthy of notice that many of theee monographic trea- 
tises have laid the foundation of a thorough knowledge of the plants 
to which they relate. The drawings of whole plants and their anatom- 
ical details are executed with a degree of fiuthlnlness and art surpass- 
ing ^most anything of a similar character that had previously appeared 
in the literature of botany. 

As early as 1823 Martins began the publication of his " Natural His- 
tory of Palm8,''§§ a work which is considered his most important contri- 
bution to botany, and that by which he has most conapicoonsly linked 
bis name for future times with that science. At the first sight of these 
mi^estic treea, which LinneBus already bad desiguated as the " princes 
of the vegetable kingdom," he conceived the plan of making them the 
object of his special observation and scieutillc treatment. He, there- 
fore, studied with attention the many species of palms he saw during 
his travels in Brazil, and collected after his retnru from that country 
with the utmost diligence Edl the materia) concerning the palms of other 
parts of the world, which was required to render his work complete. 
He thus succeeded, after the labor of many years, in producing a mono- 
graph QDique in its kind^ which caused Alexander von Humboldt to 
exclaim, " As long as palms are known aud mentioned, the name ot 
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IdM-W. Folio, with 95 cvlorc-d pUitee. 

: Jeiitm Sptvitt Novx quaiiit Itinereper Bnuitiatn a. 1617-%) MMMpfo coltrgit et d tKri p - 
»U J. B.da 1^ JfoModM, iaU-'S&. Two TolamM folio, with 115 and 118 oolored 
plBtn. 

t IMiMM FUnlalilia fua eoUtgit J. B. de Sp^x, ieteripaU J. A. Wagner, edd. F. 

a FamlA dd Sekrtmk «l C. F. P. dtMartiiu. MoMKhit, IH-iT. Folio, with 29 coluredplat«B. 

I Mceta Qt»era tt Sp«aitt Piicium quot coUegit et pingendat enravll X B. da 

^ftK, dit«mU L. Aganu, ed. Maritiu. ilonaeUi, 1829. Folio, with plalea. 

1 Diieetm itnimaUiim ArltBuUUormm ma ooUegeruat Spix tt Martiiu, deacriptU 

JCm. F«rtf, td. Martitu. Jfonodku, \930-VH. Folio, with 40 colored pltttes. 

" M»t being • botaniU himaelf^ and eouMquently uuacqnjuDted nith most of the 
wcriu mentioned b«reft(ter, Ui« writei keepa clcwoly to tlt« staI«a«Dta givon by Pro- 



ti noMHMU, ia»>-''iu. inree voiamM loiio, wiin m^j ooton 
tt MtnaekU, ie3S-'3l. BmaU folio, with 7G colored platM. 
ii fiJMtria yolNrnlif PoImonH '' """ "" "" 

wttb 34S pUtM, partly ccAored. 



II aumwLmmf low-dii. ovuvi luuu, hiiiu 'u uuiucdu juviibb- 

U SUMriM il<a»raim Polmoran, MtmvM, lBa3-'50. Tim* ToliimM imn«ria] fbllo. 
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Martius will not be forgotten ! " Oeitaio apeciaUJes embraced in tbie 
large work vere treated by skillfal co-laborers : the anatomy, by H. von 
Mohl -f the fossil palms, by Unger ; aod a part of tiie morphology by 
Alexander Braun and O. Sendtner. 

While the preceding works were commenced and in progress, Martins 
entered apon another literary undertaking of still Ivger extent, namely, 
the systematic enumeration and description of the whole flora of BraziL 
But OB a labor of such magnitude could not be carried out without the 
assistance of persons in high stations, the patroua^ of Kiug Ludwig I, 
of Bavaria, and of the Emperor of Austria, Ferdinand I, was success- 
fully solicited, and the work commenced under their auspices.* The 
Emperor Dom Pedro II, of Brasil, alterward united bis aid to that of the 
two Qermaa sovereigns. At the outset Martius had secured the co- 
operation of competeut botanists, each of whom was to take charge of a 
certain portiou of the work ; and their united efforts resulted in the 
pnbtication of the Flora Bra*ilieHsi«,\ one of the greatest literary achieve- 
ments of our time. The work was commenced in 184U, and though yet 
£ar from completion, already consists of forty-seven parts, with more 
tban eleven hundred plates iu folio. Kotwithstanding the ample mate- 
rial which Martius had at liis command, the researches necessary to 
arrive at full and satisfactory results extended over many botanical col- 
lections of Europe, and everything in the shape of manuscripts and 
drawings bearing on the subject was critically etxaniined and used when 
found available. The immense work connected with the editing of the 
Flora prevented Martius from participating conspicuously in the botan- 
ical labors themselves; yet he has furnished two entire moDOgrcHihs 
(Auonacese and Agaves) and many highly valuable additions relating 
to the geographical distribution and the use of the plants described. 
In fiew of the important bearing of this publication upon the develop- 
ment of the vegetable resources of Brazil, the ambassador from that 
country to the court of Vienna lately spent some time at Munich, iu 
order to confer with Professor Yon Martius eoucemiug the completion 
of the work. The Brazilian government agreed to pay 100,000 flarine 
for that purpose ; but as Martius was already far advanced in years, ho 
thought it expedient to appoint, in the person of Dr. Eichler, a successor 
to saperintend the pnblication in case of his decease. Thus the work 
will suffer no ittterruption.t 

* It mDHt not be left nnuoticed that the pntronage of the Bmp«n>r of Anstria in this 
caae wsa owing to the influenoe of Prince Hetterniota. Ttiia mncli-abased HtataatnaB, 
it is well knonn, took a lively interest in the promotion of science. His letter* to A. 
von Humboldt, coatained in the correapondence between Humboldt Mid VAmbagca 
von Enxe, bear witness to the fact. 

t Ftom BrasilientU, ». Emrmeratio riantaram In BnuiUa haettiiHt Mtelamm moi 

tOiitrunt C. F. Ph. de MarUia el St. L. Eadlicher. FtFufoi. et Lip*., 1840^69, fato. 1^17, 
^io . Tint first Diae parC^'wora edited li; Uartiua aud Endliober ; th« rest, aflnr 
Eadllcher's death, by Hartius alone. 

t Of Martina* Dnmeraoa less ext«iistve pnbUcsttons relating to botany w« will mm- 
tJOD only the following: 

fferbarium Flora Bra*ilie<ui*. MonaehH, 1837-40.~Arrtnna Materia MedUn Vegetatitit 
Brtuilieatia. {6" : Leipzig, 1343.) This is a systematically arranged ennmeration of tho 
plants used for medicinal purposes by the inhabitants of Brazil. The preparation, 
manner of application, and effects are carefiilly described. This work has been traiu- 
lat«d into the Fortueneso language b^ H. Velloso d'OIiveira. Rio de Janeiro, 1H54. 

Spedaun ilalerue ^ediax BraaTintx* (iu Tol. ix, of the Memoirs of the Academy of 
Scieucex.) A uiimber of articles likewise rol:iting (o thR medicinal plantsof Brazil and 
tbelr uses were published in Backneft Eapertoriam da- Fharmarir. 

Worthy of e«pectal mention is a publication on the pDtati>-n)t : Die KarteffU-EpUtmie 
ier ^ien Jahre (Munioh, 1843, 4°. With plates.) Martius was the first who noticed 
in the diseascil frnit a microscoplo fungus, called by him Faiitporiain lotani. He 
accounted far the spreading of the rot by the transmission of the spores of that f aagns 
to ftoaad potatoes. 
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Having given some accoant of Martius' more important .botanical 
labors, we will briefly allnde to his great merits as an ctfaiiologist. 
Daring his travels iu South America he became deeply interested in the 
aboriginal tril>e8, and collected, in conjnnction with his traveling com- 
pailion, many valuable facts relating to their mode of life, relationship, 
languages, migrations, &c. It has already been stated (hat a consider- 
able portion of the " Travels in Brazil," by Spix and Martius, is devoted 
to the ethnology of that country. Martius, however, published subse- 
quently several valuable treatises relating to ethnological subjects, 
which will be mentioned hereafter; but his most important ethnologi- 
cal work, entitled Bettragezur Ethnograpkiewnd Sprachenkunde AmerikMS, 
sumal Bragiliens, (Leipzig, 1867,)* which was published shortly before 
his death, and therefore contains bis matured views, deserves particu- 
lar notice. The Beitriige comprise two octavo volumes, the first of 803, 
the second of 54S pages. An ethnographic map is added to the first 
volume. Its contents are : 

1. Die Vergangenheit wnd Zuliwnft der amerikanischea Ulensckh^t,^ a 
lectnre delivered in 1838, at a meeting of German naturalists and phy- 
sicians, and first published in 1839. 

2. A republication of the admirable treatise Von dem Rechtszuslande 
tmter den Ureinicoknem Brmilien8,X first published in 1832. This is cer- 
tainly one of the most interesting essays ever written on American 
ethnology, although Martius' view of a degeneratiou of the Brazilian 
Indians from a higher state of civilization may be contrary to the 
opinions of many anthropologists. 

3. The remainder of the volnme (pp. 145-SOl) is taken up with a 
description of the native tribes who inhabit Brazil and the adjacent 
regions. It is minute, accurate, and vivid, much more full than Waitz, 
and enriched by numerous i>ersonal observations. Maitius is a believer 
in the gradual extension of the Tujii language and blood from the head- 
waters of the Jja Plata northward, quite to the Antilles and Baha- 
mas. § 

The second volnme, entirely devoted to South American languages, 
contains over a hundred vocabularies, which are arranged in allied 
groups exhibiting the afiinity of tongues. Being of the utmost import- 
ance in triicing the relationship of nations, they furnish highly valuable 
material to the student of American ethnology. Many of these vocab- 
Diaries are from mauuHcript sources. In rendering the aboriginal words 
the Latin, Portugnese, German, and French languages have been 
employed. The articles PflanzennaJiten in der Tupi-iiprache\\ and Thier- 
KOKen ill dcr TupiSprache,^ fljrst printed, respectively, in 1858 and 1860, 
are republished with additions in this volume. 

Beeitles the above-mentioned ethnological essays reprinted in the 
Bcitrage, Martins, as stated, has left some other contributions of kindretl 
character, which appeared in periodical publications. We give liere the 
following titles translated into English: On the sculptures on Mount 
Gabia," near Eio Janeiro.** On Buschmanu's work — " The traces of the 

* CoDtributioiis to tho ethnography and philology of America, etpecially of Bcsiil. 

t Tlie past aoit future of the Amencan race. 

t On the civil aud social condition of tho aborigine* of Brazil. 

I In a letter nbicb Martius addressed, shortly bntoto bis denth, to Dr. D. 0. Brinton, 
of Pfailadeliihia, be expresses bimself on this point even more decidedly than in tbe 
BritrSge. 

I Najnes of plantx in the Tupi lanKoaKS. 

T Names of animals iu the Tnpi laiigun)^. 

" 6'rArr die Sculpture* auf deM Bergt Oabia bel Sio de Janeiro. (Gelekria Avieigttt, 1843, 

12 s o 
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Aztec langnage in Northern Mexico."* Tlie iilij'siciil condition, dis- 
eases, physiciiins, and remedies of the ahori^iiies of Brazil. t On tlie 
preparation of tlie arroivpoison Ur-.ui ninoug tlie Jnri Indiana on the 
Rio YupurS, in North Brazil.J The creation of the Negro : a Braziljao 
legend.^ 



The time intervening between Professor Von Martius' retirement from 
official duties in 1851 and his deatli wiis to him no iieriod of reitose; || 
on the contrary, liaving nowr more leisure at his uouiniand, he devoted 
hiitiHelf eschisivelv to scieuf iftc labors. 3f uch of his time was taken up 
in eititing the Flora limsiliaiinit, and bis position as secretary- of the 
Royal Bavarian Academy demanded liis constant care and attention. 
Only one year before Ins ileatli, at tlio. age of seventy -four, he published 
the Beitrage, his most iuiiwrtaiit contribution to American ethnology. 

lie was one of those few whoso merits are duly acknowledged "and 
appreciated dunng their life-time. He maintained hitimnte i-elatiuns 
with many of the most distingnislied meu ©four time, and most learned 
societies of, note counted him among their members. !yumcn>us works 
are dedicated to him ; his name is |»eriH>tuated in tlic mciitiGc denomi- 
nations of plants and animals; even a mountain in New Zealaud, Mount 
Martius. is called after him. Medals were struck in bis lienor, and 
crowned heads manifested their esteem by decorating him with the 
insignia of their orders. 

Martins enjoyed the full possession of his mental faculties to the last 
moment of his life, and even his physical appearance betokened no con- 
siderable degree of decliue; it was only during the years immediately 
preceding his death that his altered features and somewhat stoopiug 
tigure indicated the changes which adv^iiiced age will produce ui>on the 
stmngest constitution. But the lively expn^ssion of his eye, his ani- 
mated conversation, and the interest lie took in everything that piissed 
around liim, gave evidence of his unimpaired lueutal \-igor. In the fall of 
1868, being then in his sevontj-flfth year, he made a journey to Berlin 
and Dresden to visit his son and his old friends. lie returned in good 
health, and nothing intimated his approaching end. But shortly after- 
ward, having been exi>osed to a severe storm, he was attsicked by a febrile 
indisposition, which, increasing, developed itself iuto inflammation of ' 
the lungs. Jlis strength sank nipidly, and on the 13th of December, 
1868, after an illness of nine days, his earthly career was closed by an 
easy dc;ith. Fi'esli palm leaves decorated, significantly, the coMu in 
which his mortal remains were convejed to their last place of rest. 

" Fefter Btni-hmana's Werk: Vie Spuren dcr J:ltki)i;hfii SprttKhe tm norrfltcAm Meiilx. 
(Gel. Ati., 1860, Xw. 41-l:(.j 

t Dim NalHrvU, die Krankhfilen, dan ,ir:tlhiim «nd die Ildlmilkl da' Urbeirokmr ttra- 
a{Ii«il«. (liidtner's Itrptrlorium der I'karmad/i, vul. 'Si, p. 'Mi, &e.) 

t Vebtr die Bereiltttig de» Pfdlg\fle» UmH btl den IndUtHern ./urin am ISo Tupurd iit Nord- 
branlicii. (Buehnefs Sep. d. I'harm., voL 36, MtO, p. 'SXi, &.c.) 

j Die ET*Aaffang dea A'tgers, eine Itriuiliariitehe t'olka-Sage. (Aagebiirger AWjrm. ZfiU, 

II " Dor Ruhettaad icar/Ur iAn kein Stand tier Bahe." — Meisancr's Deakachiift, p. 34. 
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NOTICE OF THE LIFE AND SCIENTIFIC LABORS OF STEFANO 
MARIANINI. 



Bt Carlo Matteucci, 
<^ ikt "/tnlidx Societi/ <tf Scienca, founded by Anton MaHo Lorgwi." 



[ TVanalofed for lh» Snith*onian butUalion. ] 

It is not SQch a eulogy as is usually pronouuccd for tlie members 
whom the Italian Society of the XL may have lost that I at present 
andertake. This several reasons forbid, not the least of which is my 
own nnskillfiilness in the polished style of composition which such labors 
demand, joined to a conviction that the highest enlogy of those who 
hare consecrated their lives to science consists in the record of the 
proRteas which it owes to their exertions, and the part reserved for them 
in its history. I shall speak, therefore, with the ntmost brevity of tlie 
simple habits, the pure and unassuming spirit, the integrity of character, 
and the great scientific activity of Marianini, althougli tliese qualities 
constitute in themselves the beat enlogy of the man, and shall dwell at 
somewhat greater length on his principal labors in physics. 

Marianini was born at Mortara, a small town of Piedmont-. lie was 
professor of physics at Venice, and more recently in the University of 
Slodena; be was a corresponding member of the Institute of France, 
and president of the Italian Society of the XL for many years. 

The first work by which he attracted the attention of the learned was 
an Essay on eUctro-metrical experiatenU* a work wliieh I remember to 
have heard spoken of, at the time, in terms of the highest praise by 
Arago. It appeared at Venice in 1825. On account of the original ex- 
periments with which it is replete we need not hesitate to pronounce it 
the most important production of the author. When it is considered 
that in varioas chapters of this essay all parts of electro-dynamics and 
of the pile are treated by methods and with instruments which were 
then barely beginning to be known, we need not be surprised if the re- 
sults at which Marianini arrived at that time bare not remained in 
science as he himself obtained them forty years ago. If we except the 
discoveries of elementary laws and of physico-mathematical theories, 
this is the tot which befalls, after a certain number of years, even those 
who have opened new fields in physics. 

Marianini, in this essay, began by studying the relation between the 
inteosity of the current of a battery and the extension of the elements 
and tension of the electro-motors: thitt is to say, the number and nature 
of the pairs which compose the pile. He then proceeded to experiment 
on the relative electro motive power of conductors of the first class, and 
otadied the phenomenon of the secondary current, respecting which he 
has left ns some valuable experiments. In the tbinl chapter of the essay 
are comprised many original researches oil the condnctivo capacity of 
liquids for electricity. It is beyond doubt that tbis treatise marks a 
great progress in our knowledge on the most obscure and difficult points 

'Saggio di eiptrieme dtttro-nelrieka. •■ 
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of dynamic electricity ; and the discovery then made by Marinoini, wbicb 
may in some measure be considered as the cxperinieittal basis of the 
tbeorj- of Ohm, is still a fundamental one, namely, tbat tlie action of 
Himple electro-motive machines on magnets, lo use his own words, is di- 
rectly proportional to their surface, and that in a circuit liaving a resist- 
ance quasi null in comparison with tbat of the battery, the curreot of 
a pile of a single pair bas the same intensity n^tb tbat of any number 
of pairs whatever. 

m tlie same chapter the author studies the phenomenon of metallic 
diaphragms interposed in a liquid stratum to the passage of the current. 
The catalogue which is given in the essay of conductors of the first class, 
according to the decreasing order of their relative electro-motive [Hjwer, 
is established with macb exactueas, and may even now be said closely 
to approximate the tnith. 

In speaking of the conductibility of liquids, a subject in regard to 
which the physicists of our own day well know the difficulty of arriving 
at exact measurements, Marianini proves for the first time, what bas 
never since been contradicted, that the conductibility of liquids increases 
with the temperature ; that this augmentation is less in liquids endowed 
with a great conductibility, and that aheated liquid preserves for a certain 
time in growing cold a greater conductibility than it first had at a given 
temperature. Here he finds by experiment that the resistance of a 
liquid stratum increases with the thickness of the stratum, and shows 
by many researches the augmentation of the effects of a battery by 
increasing the size of the plate of copper which incloses the zinc. There 
are also contained iu the chapter on the conductibiUty of liquids some 
experimentF, among which I will cite, as worthy of being varied and 
extended, tbat of the conductibility communicated by certain salts and 
organic compounds to a liquid such as alcohol, which is itself scarcely 
a conductor. 

In 1826 Mariamni read before the Athenenm of Venice a memoir on 
Kitter's battery, and on secondary polarity, in which by many well- 
devised experiments he more conclusively proved, what had been as- 
serted by Volta, that the polarities of secoudary batteries depended on 
the alterations which the current of the pile produces in the surface of 
the metallic disks of Rittcr'a column. In fact, after these disks have 
been washed aud wiped drj', the column remains as active as before. 

More recently Marianini undertook the study of electro-physiological 
phenomena, and iu the memoir presented to the Academy of Itoveredo 
ib 1827, and which was translated iu the Annales de physique et de 
chimie, t. XL, p. 225, the experiments are described on which is founded 
the law, still known in Germany as the law of Marianini, that the elec- 
tric current in traversing the nerves in the direction of their ramifica- 
tion, or the direct current, as Nobili called it, excites a contraction when 
it enters and a sensation when it ceases to pass; aud that, on the con- 
trary, when the current is inverse ortraversesthenerves in the direction 
contrary to their ramification, a contraction is produced at the instant 
at which it ceases to pass, and a sensation at that when it begins to 
traverse the nerves. In this memoir, Marianini distinguishes the con- 
tractions produced by electricity into idiopathic contractions, which are 
excited whatever be the direction in which the current traverses the 
muscles, and aympathetio contractions deiiendiug on the direction in 
which the current traverses the motor nerves. In a second memoir, in 
which he treats s|>eoialIy of the voltaic alternations, he shows tbat these 
depen'd ou the diminution of excitability of the nerves, produced by the 
pasu(;e of the current in a certain direction. Among the^ expmments, 
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we mnst not fail to recall that by which Mariiiiiiiii olitaiiis the shock at 
the opening of the circuit, althongb in the a<:t of closing the circtiit by 
means of the finger or other unmoistened hotly, this nhocfa be not ol»- 
tsined. He sobaeqnentJy occnpie*! himself with the application of his 
BtndieH on electro-physiology to the cure of certain cases of paralysis, 
and is, perhaps, the only physicist who has studied this subject with 
snit&ble attention, and obtained by elei-tricity the restoration in some 
cases of those affiicted with this disorder. 

Among the namcrons memoirs of Mnrinntni, we must also cite as 
worthy of remembrance and fidl of ingenious experiments, those with 
which lie sought to sustain the theory of the electromotive force of 
Volta and to combat the chemical theory of the pile. Although it be 
scareely necessary to say that at present llie latter theory is with reasoD 
generally embraced, there are, nevertheless, some exiK-riments of Maria- 
niiii which show that there are certain cases lu which distinct sigoa 
present themselves of the electromotive force as understood by Volta, 
witbont the appearance of any phenomena of chemical action to which 
those signs might be attributed. 

It remains. Anally, to cite a long series of memoirs in which our col- 
league studied the magnelizing fort-e of the electric discharge of the 
Leyden jar, as well as tlie inductive discharges. For the prosecution 
of these experiments, Marianini commenced by inventing a rc-electro- 
tueter, as he called it, which even now might Yte of service in many 
researches, and which consists of an iron wire surrounded by one of 
copper winding s])irally about it, and placed above » compass in a direc- 
tion iierijendicular to the magnetized needle. A discharge from the jar, 
however weak, now passes by the spiral and magnetizes the iron wire, 
and theneedleof thecompa.ss is deflected; the direction of the deviation 
indicating the direction of the discharge. I n this memoir a great nnmber 
of experiments are descnbed, by which it is proved that, after the mag- 
netization generated by an instantaneous discharge, if the magnetization 
be annnlled either by mechanical means or by contrary discharges, the 
iron acquires a susceptibility of being magnetized in the first direction, 
and loses the susceptibility of being magnetized in the opposite direc- 
tion, ^e author has studied with much sagacity all the other condi- 
tioas of this phenomenon, namely, the thickness of the iron wires, 
the capacity of the Leyden jar from which tlie discharge is obtained, 
and compares the eftects of a bundle of fine iron wires with those of a 
large and full cylindrical wire. 

In continuation of these stuilies, Marianini proceeded to experimeal 
on the effects proilnced by metallic envelopes in diminishing the mag- 
netizing action of electric currents on the iron placed in the interior of 
those en\eIojie.s, and demonstrated tiiitt the eflW'ts de[»eiHl on the action 
of the inductive discharge develope«l in the envelopes. He proceeded 
afterwards to the study of indu<rtive discharges : discovered the induc- 
tions of the second and third order, which had iK>eu found at the same 
time by Henry, in America, and saw that the Ijeydenelectrie induction 
was exerted also between liquid couductora 

Tteae notices, by which we have certainly had no thought of render- 
ing jnstit'c to the various labors of Marianini, will serve at least to show 
how assiduous auil productive was the Bcieiitifie lUi" of our lamented 
oolleagne, and how admirable an example that lift', prolonged as it for- 
tunately was, offers, in its unobtrusive and tranquil course, to the youth 
3f Italy — how imi>erishablo an huuor it will always reflect upon our 
ajnntry. 

FLOKE5CE, April 1, 1807. Digitized by CoOgle 



ON THE CHEMISTEY OP THE EARTH. 



By T. Steery Hdnt, LL. D., F. E. S. 



In the foUoving pages I have eDcleavored, at the request of Professor 
Henry, to pive a brief sumoiary of certain views in chemical geology 
which have been put forward by me in various scientific journals dur- 
iug the past twelve years, the germ of them having appeared in a com- 
munication to the American Journal of Science in January, ISoS. In 
addition to the foot-notes, I have appended a list of my principal pub- 
lications ou the subject, where those who desire to follow up the various 
questions here suggested will find them treated more at length. The 
lost three of these pai>ers are in part reprinted in the present abstract. 
I take this occasion to say that the views here embodied will be devel- 
oiied ii> a work on the chemistry of the globe, the preparation of which 
is uow well advanced. 

T. STEBEY HUNT. 

Montreal, January G, 1870. 
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CHEMISTBY OF THE EABTH. 

OONTEHTS OF SEOTIOKS. 

_ _. thoscionce 

thesis; 6, dissociation; 7, 8, the s ... , , _„ . 

14, relatiuns of solution to pressure ; Ifi, on the earth's ., _.._ .... 

lion and relafiou of earth's cnist and atmosphero;' Iri, fiiatioa of carbonic ar 
effect on climate ; IS, chotaical influeuce of vegetation as a reducing agent ; oii^m oi 
carbou and atilpliurotH ; 20, origin of limestones, dolomites, and gypsinns ; 21, silicated . 
waters; 33, rotationa of potasb and soda; 23-26. disintegration of siircatiMl rocks ; 37, 
their division into two gronps ; 2d, chemically-formed unminoos and uon-alumiaoua 
silicat«d rocks; 39, changes in comjioeition of sediments; 30, 31, metamoTphism of 
mcks ; 32, chemical alteration; 33, molooiilar alteration; 34, porosity of sodimcntB. 
tfat^ir condensation ; 35, ultimate result of chemical metamorpbiam ; 36, tbeor; of vol' 
ca&ic action ; 37,viewsof KefersteinandHerscbel ; 38, the primitive cmat; 3U, internal 
beat ; 40, 41, iufluenco of pressure; 42, 43, types of igneous rocks ; 44jOriKin of granites; 
45, indigenous and osotic rocks; endogeuoua rocks or vein-stones ; 4B, tilling of mineral 
veins; 47, source of metals, and theory of motaUiferons depoaita ; 48, earthi|mikea ; 4!), 
volcanoes; 50, 51, theirdistribiitton; 53,canBesofsubsidenceand accumulation of sedi- 
nientB ; theory of mountains ; 53, origin of lavas ; 54, relations of sedimentary deposi- 
tion to volcanic phenomena ; ancient volcanoes ; 55, modera volcanoeH. 



5 1. In approachiog- the study of the chemistry of the earth, or what 
may be designated chemical geology, it becomes necessary to define the 
oatural objects of that complex study to wbich is giveu the general 
name of geology, and also to consider its conuection with the various 
sciences. To this end, some notions as to the order and the relation of 
these sciences may not be out of place. Following the classiflcatiou 
established by Comte, wedistinguish between the abstract sciences, wbich 
deal with laws, and the concrete sciences, which have to do with things. 
In their order the abstract sciences form an ascending series, according 
ID the degree of complexity of their phenomena, " so that each science 
depends on the truths of all those which precede it, with the addition of 
peculiar truths of its own." — (J. 8. Mill.) At the base of this series are 
Uius placed — 1st, Mathematics^ with its successive divisions of number, 
geometry and mechanics ; 2d, Abstract Astronomy, which considers, in 
addition to these, gravitation, taking cognizance of number, extension, 
eqailibrinm, and motion ; 3d, Physict, comprehending the laws of weight, 
cohesion, souud, light, electricity, and magnetism ; 4th, Chemistry, which 
treats of the relations to one another of the different forma of mineral 
matter, and their transformations under th6 physical agencies of light, 
heat, and electricity ; 5th, Biology, or Physiology, to which belongs the 
study of the laws of organized growth and development ; 6th, Psychology, 
which coDBi<ler8 the laws of mental phenomona; and, 7th, Sociology, or 
tlie laws of human society. 

\ 2. Parallel with these abstract sciences is a series of concrete or hi»- 
torical sciences, dealing not with laws and general principles, but with 
objects apd facts. Of these concrete scieucesthe first is Descriptive 
Astronomy, which is the natural history of the planetary and stellar 
worlds, treating of their movements, dimensions, and cosmical relations. 
Coming, in the next place, to the history of our own planet, the study of the 
accidents of its surface and its interior gives rise to Physical Geography 
and to Structural and Dynamical Geognosy; while the bodies which it 
presents to ns are naturally divided into two great classes, the inorganic 
or mineral kingdom, and the orgauic, including the vegetable and ani- 
mal kingdom. The study of these two classes gives rise to two great 
branches of natural history, Mineralogy and Organography, the latter 
including Botany and Zoology. The concrete science of mineralogy has 
for its subject the natural history of all the forms of unorganized mat- 



184 CHEMISTBT OF THE EARTH. 

t#r; that is to say, tlioae substances wliicU are exempt from hiological 
laws, but come witUiii tlie domain of pliysics and chemistry. Chemical 
change implies disorgatii^ation, and all so-called chemical 8|>ecie« are 
inorgatiio, that is to say, unorgoiiiziHi, and belong to the miucral king- 
dom, whose natriral history ia thus pliysical and chemical, irhile that of 
the vegetable nud animal kingdnms is biological.? 

§ 3. It might, at first sight, seem foreign to our present subject to 
8[>cak in this' connection of the moral, social, and ])oliticiil history of 
mankind, dependent upon the laws of psychology and sociology. It is, 
however, to be remiirkcd, that while in tlie abstract order eiich acioucc. 
is inde]>endeut of that which follows it in the series, it is far different iu 
the concrete sciences. This is seen in the familiar example of the de- 
pendence upon each other of the animal, vegetable, and minenil king- 
doms, and it is evident tliat man puts iu movement agencies which are 
constantly at work modifying alike physical geography and the rela- 
tions of the mineral, vegetable, and animal world to such an extent that 
human history must not be disregarded in the study of the lower reigns 
of nature. 

§ 4. From what has gone before it will be evident that under the com- 
mon term of geology are generally confounded two distinct bnuiches of 
study ! the first or abstract division being that of the physical, cliemi<:aJ, 
and biological laws which have presided over the deveio|mient of the 
globe, and the second or concrete division, the natural history of the 
earth as displayed in its physical structure, stratigraphy, mineralogy, 
paleontology. The name of geognosy, employed by some authors, may 
very appropriately be retained for the latter, while that of geidogy is 
restricted to the former division. It is proposed in the following pages 
to consider briefly some of the more imi>ortaut points in the clieraiuil 
history of the globe ; in doing which it will be necessary to notice also 
its astronomical audphysical history, and the relations of organic litu, in 
so far as they are concerned iu the cliemical history of the earth in its 
various stages of <levelopment. The scheme thus embraced is so great 
, that in the limits of the present essay nothing more can be attempted 
than a sketch wliich shall embrace some of the most strilihig t&cta iu 
the history of the forming globe considered as a cou<leusiiig nebulous 
mass, iu the chemistry of the air, sea, and earth in luist ages, and in the 
relations of the central heat to the superficial portions of the earth, by 
which we shall endeavor to explain oeriain facts iu dynamical ge<riogy, 
such as the gi'eat movements of tlte earth's crust and the phenomena of 
6arth(piakes and volcanoes. 

§ 5. The nebular hy])othesis, as it is called, whi(;h supposes that our 
solar system and all the worlds of space have come from the comlensa- 
tion of tlitiiised vapors, has ivceived strong conlirmation from the dis- 
coveries made by the sjMH'trosoope. We now know tliat there exist in 
the heavens nebula consisting of luminous gas } that is to say, vaporous 
mittt^r sliiiiing by its own light, which we may, with great probability, 
regard as the primal inatt«i' out of which, as the elder llerschel sug- 
gested, suns and planets have been formed by a process of condensation. 
By the aid of the telescope and the spectroscope we hud in the heaveost 
planets — bodies like our earth, shining only by reflected light; suns, — 
self-luiuinouK, mdiating light from solid matter ; autf, moreover, true 
nebula-, or masses of luminous vajwr. These three forms represent 
three distinct pliasi>s in the condensation of the primeval matter, from 
which our own and other plauetary systems have been formed. 

AmerlcAD Jonroftl of &ci- 
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Tliif nebulous mutter ia conceived to be so inteasely Iieuted as to be in 
the state of tnie gas or vapor, and, for this reason, ttjebly luminous 
when compared with the sun. It would hare be out of plat^o to discuss 
the detailed results of spectroscopic investigation, or the beantifbl and 
ingenious methods by which modem science has eiown the existence iu 
the sun, and in many other liiniinoas bodies in space, of the aame chem- 
ical elements that are met Avitli iu our earth. . 

§ 6. Calculations based on the amount of light and heat radiated from 
the sun show tliat the t«mpcnitiu-e which reigiis at its surface in so great 
that we can hardly, form an adetjuate idea of it. Of th<^ chemical rela- 
tions of such intensely heated matter modem chemistry has made bnown 
to 113 some curious facts, which help to throw light on the constitution 
and luminosity of the sun. Heat, luider ordinary conditions, is fovor- 
able to vhi-mical combination, but a higher temx>eratnre reverses all 
affinities. Thus, the so-called noble metals, gold, silver, mercury, &c., 
unite with oxygen and other elements ; but these compounds are decom- 
posed by hejit, and the pure metals are regenerated. A similar reaction 
was many years since shown by Mr. Grove with regard to water, whose 
elements — oxygen and hydrogen — when mingled and kindled by flame, 
or by tlie electno sparli, unite to form water, which, however, at a mucD 
higher temi>eraturc, i.s again resolved into its component gases. Hence, 
if we had tticse two gases existing in admixture at a very high tempera- 
ture, cold would actually effect their combination precisely as heat would 
do if the mixed gases were at the ordinary temperature, ami literally it 
wnnld be found that " frost performs the efiFect of Are." The recent re- 
searehesof Henry Sainte-Glaire Deville and others go far to show that this 
Iweaking-up of compounds, or dissociation of elements by intense heat 
is a principle of universal application ; so that we may RU])pose that all 
the elements which make up the sun or our planet would, when so in- 
tensely heated as to be in that gaseou.s condition which all matter is 
capable of ajtsnming, remain uncombined, tiiat is to say, would exist 
together iu the condition of what we call ebeiuieal elements, -wbose fur- 
ther dissociation in stellar or nebulous masses may even give us evi- 
ilcnee of matter still more elemental than that revealed by the exi>eri- 
ments of the laboratory, wliere we can onlj' conje(^ture the compound 
natarc of many of the socalletl elementaiy substances. 

5 7. Thesun,tlicn,i3tobeconceivedofBsanimmensema8Sof intensely 
hesited gaseous and dis80ciate<l matter, so condensed, hOAvever, that not- 
withstanding itsexcessive temperature, it hasaspeciflc gra\itynotmuch 
below that of water; ]»robably oBFeriug a condition analogous to that 
which Cagiiianl de la Tour observed for volatile bodies when submitted 
■ to great pressure at temperatures much above their boiling point. The 
ra^tion of heat going on from the surface of such an intensely heated 
mass of uncombined ga-ses will produce a sujierflcial C0(»lhig, which will 
permit the combinatiiut of certain elements, and the production i^ solid 
or liquid particles ; these, suspended in the still dissociated vapors, 
become intensely luminous, and fonn the s<)lar pjotosphere. Tlic con- 
densed particles, carried down into the intensely heated mass, again 
meet with a heat of dissociation, so that the process of combination at 
the surface is incessantly renewed, while the hestt of the sun may be 
8npi>Oi*ed to be maintained by the slow condensation of its mass ; a dim- 
inution by y^flth of its present diameter being sufficient, a<M;ording to 
Ilelmholtz, to maintain the present supply of heat for twenty-one tliou- 
sand years. 

f 8. This hypothesis of the nature of the sun and of the luminons 
process going on at its surfoce is the one lately put forward by Faye, 
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and, althoagh it bas met witb opposition, appears to be that wbiob ac- 
cordB beat with our present knowledge of the chemical and physical con- 
ditions of mutter, such as w^ must suppose it to exist in tbe condensing 
gaseous maea which, according to the nebular hypothesis, should form 
tbe center of our solar system. Taking this, as we have already done, 
for granted, it matters little whether we imagine the different planets 
to have heeu successively detached as rings during tbe rotation of the 
primal mass, as is ^^uerally conceived, or whether we admit with Cho- 
comae a process of aggregation or concretion operating witbiu the 
primal nebular mass, resulting in tbe production of sun and planets. 
In either case we come to the conclusion that our earth must atone time 
have t>een in an lutensely heated gaiteous condition such as the sun 
now presents, selfluminous, and with a process of condensation going 
on at first at the surface only, until by cooliug it must have reached the 
point where tbe gaseous center was exchanged for one of combiued and 
liquefied matter. 

§ 9. Here commences tbe chemistry of tbe eartli, to tbe discassion of 
which tbe foregoing considerations have, been only preliminary. So 
long as the gaseous conditioa of the earth lasted, we may suppose the 
whole mass to have been homogeneous ; but when the tempemture be- 
came BO reduced that the existence of chemical compounds at the center 
became possible, those which were most stable at the elevated tempera- 
tare then prevailing, would be first formed. Thus, for example, while 
compounds of oxygen with mercury, or even with hydrogen, could not 
exist, oxides of silicon, aluminium, calcium, magnesium, and iron might 
bo tbrmed and condensed iu a liquid form at the center of the globe. 
By progressive cooling, still other elements would be removed from the 
gaseous mans, which would form the atmosphere of the non-gaseous 
nucleus. We may suppose an arrangement of the condensed matters 
at tbe center according to their respective specific gravities, and thus 
tbe fact that the density of the earth as a whole is about twice the mean 
density of the matters which form its solid surface may be explained. 
Metallic or metalloidal compounds of elements, grouped differently from 
any compounds known to us, and far more dense, may exist in the col- 
ter of the earth. The condensing effect of pressure as we approach the 
center of the globe has, however, been regarded by some as tar more 
than sufficient to account for the considerable mean density of the planet, 
and, according to Dr. Y^oung, would be sufBoieut to reduce a mass of 
granite, transported to tbe earth's center, to one-4igbth of the bulk 
which it occupied at the surtace, which would give to the earth a mean 
density equal to twelve or thirteen times that of water. This considera- 
tion bas led a recent writer to conclude, with Herbert Speucer, that our 
earth and the other planets may be only shells of varying thickness, 
inclosing a central cavity filled with vaporous matter, by which hypoth- 
esis may be explained their apparently feeble density. It is, however, 
a matter of iudifference, so fiar as our argument is concerned, whether 
the process of condensation commenced around such a central cavity, 
or at the center of the globe it«elf. 

§ 10. The processes of combination and cooling having gone oq until 
those elements which are not volatile in the beat of our ordinary fur- 
naces were eoudeused into a liquid form, we may here inquire what 
would be tbe result, upon the mass, of a further reduction of tempera- 
ture. It is generally assumed that in the cooling of a liquid globe of 
miueral matter, congelation would commence at the surface, as iu the 
case of water J but water oB'ers an exception to moat other bquids, io- 
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asmiich its it is deoser in tbe liquid tban in the solid form. Hence, ice 
flouta ou water, and freezing water becomes covered witb a layer of 
ice, which protects the liquid below. Some metals and alloys resemble 
water in this respect. With regard to most other substances, and 
notably the various minerals and earthy compounds like those which 
may be supposed to have made ap the mass of the molten i;lobe, the 
case is entirely different. The numerous uud detaileil experiiaeots of 
Charles Deville, and those of Delesse, besides the earlier ones of Bi- 
schof, nnite in snowing that the density of tiised rocks is much less tban 
that of the crystalliue products resulting from their slow cooling, these 
being, according to Devitle, from one-seventh to one-si.xteeuth heavier 
than the fnsed mass, so that if formed at its smtace they would, in 
obedience to tbe laws of gravity, tend to sink as soon as formed. 

5 11. The stony materials of the earth's crust then, unlike ice and cer- 
tain metals, expand in melting and contract in passing into the solid 
state. The melting of ice is a process of condensation, and hence pres- 
sure favors its litiuefaction, causing it to melt at a lower temperature 
than it would otherwise do; but for Iwdies with which melting is a pro- 
cess of expansion, pressure produws an opposite eftiict, uaiuely, that of 
augmenting the fusing point. These conclusions of James Thouipson 
and William Thompson have been cxperimeutally iveriUed by Bunsen, 
Fairbairn, and Hopkins. It results from this physical law that the 
effect of pressure upon materials like molten rocks would be such that 
solidification at a depth from the surface would take place at a temper- 
ature much higher than that required for their solidification at tlie sur- 
face. Hence, in opposition to the notion of a congealed layer, like a 
^eet of ice, resting upon the surface of a molten globe, Hopkins, and 
with him Scrope, supposes solidification t« have commenced at the cen- 
ter of the liquid mass and to have advanced toward tlie circumference. 
Mr. Hopkms concludes that the pressure existiug at great depths must 
have induced congelation of the molten mass at temperatures at which, 
under a less pressure, it would have remained liquid. Before the last 
portions beoame solidified^ there was produced, it is conceived by Mr. 
Hopkins, a condition of imperfect liquidity, preventing tbe sinking of 
the cooled and hea\'ier particles, and giving rise to a superficial crust, 
from which solidification would proceed downward. There would thun 
be inclosed between the inner and outer solid parts, a portion of 
niicongealed matter, whivh, according to him, may be .supposed still 
to retain its liquid condition, and to be the saat of volcanic action, 
whether existing in isolated reservoirs or subterranean lakes, or whether, 
u suggested by Scrope, forming a continuous sheet surrounding the 
solid nucleus. 

§12. This view of the constitution of the globe, or one analogous to 
iL haiS found ikvor with many theorists. Professor N. S. Shaler, of 
Harvard, who, in a recent essay on the formation of mountain chains, 
io the proceedings of the Boston Society of Natural History, has 
adopted it, concisely states it as follows : " The earth consists of an 
immense solid' nucleos, a hardeued outer crust, and an intermediate 
region of comparatively slight depth, in au imperteet state of igneoas 
fnfiioD." In this connection it is curious to remark that, as lately pointed 
oDt by Mr. J. Olifton Ward, Halley was ted, from the study of terres- 
trial magnetism, to a similar hypothesis. He supposed the existence of 
two magnetic poles situated in the earth's outer crast, and two others 
in an interior mass, separated from the solid envelope by a fluid 
medinm, and revolving, by a very small degree, slower than the 
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oater cruet.* The same conclusion was subsequently adojitod by Han- 
Bteen. 

513. Apart from these considerations, however, many of the best 
BioderD pliysieiats and geologists have fonod nnmerous reasons for 
rejecting the popular notion which regards our globe as a liquid molten 
mass covered by a layer of twenty or thirty miles of solidified rock. 
The deductions of Hopkins from the phenomena of precession and nuta- 
tion, those of Pratt from the crushing force of immense mountain masses 
like those of the Himalaya, and those of Sir William Thompson from the 
tides, showing the gnat rigidity of the earth, all unite to prove that 
the earth, if not solid to the center, must have a firm and solid crust 
several hundred miles in thickness. Under these conditions, if there 
still exist a liquid center, it mast^ so far as superficial phenomena are 
concerned, be as inert as if it were not. We are thus prepared to accept 
the conclusions to which the line of argument in $ 11 leads us, and admit 
that onr globe solidified from the center. 

1 14. It is, then, with the soperflcial portions of the earth, alone, that 
we have to do from the moment of its solidification ; and as in the sub- 
sequent pages of our history air and water must play an imiwrtant part, 
it becomes necessary, bofore going further, to consider briefly tbe nature 
of the process of a^jueous solution and its relations to pressure. Solu- 
tion may, for our present purpose, be defined as a chemical union between 
two or more bodies, of which one is liquid, resulting in a liquid product, 
and accompanied by a change of volume, t In ordinary cases, as in that 
of most bmlies dissohHng in water, this change is in the direction of con- 
densatioo, and heucc, as might be expecte<l, pressure exerts an influence 
similar to that in the liquefaction of certain bodies by fiision, explained 
in 511. Pressure faedit-ates the liquefaction of ice, which is attended 
by condensation, and acts in like manner in the case of solution, so that 
the solubility of s^ts in water, as shown by the experiments of Sorby, is 
increased by pressure. We can scarcely doubt that these phenomena 
of fusion and solution come under one general physical law, and that 
for al! thijse bodies which contract in dissolving, (to which there are 
but few exceptions,) their solubility in water must be augmented by 
and ill proportion to the pressure. As expressed by Mr. Sorby, mechani- 
cal is thus converted into chemical force.} 

5 15. RevOTting now to the solidified globe, in whose superficial por- 
tions and in the surrounding ga^es and vapors were present all the 
chemical elements with which we have to do, it is necessary to consider 
biiefly its physical and its chemical condition at this early period. 

The fonnation of a crust at the surface of the viscid layer which still 
enveloiM'd the solidified mass of the globe, as conceived by Hopkins, 
is readily admissible ; but that this process commenced when the remain- 
ing envelope of liquid matfer wa» yet so deep that the refrigeration up 
to the present time has not been sufficient for its entire sulidiflcation 
is not probable. Such a crust on the cooling superficial layer would, 
firom the contraction conserinent on the further refrigeration of the 
liquid stratum beneath, become more or less depressed, corrugated, and 

• Tho elevattil t«ui|ioratiire of tho iutorior of tlio globe would probably offer no ob- 
stncli! to lliu iluvi^1iiiiuii>ut of mugiiutisiu. lu a rectiuC espuriineQt of M. Tr^ve, com- 
inuDicateil by M. Faye to tliu Kn;uch Academy of Scii-iiccii, It waa found tliiit luolteu 
cuat irou wben poured into u mold, suraonndod by n helix w1it<-h wkh tnivprwd by nn 
electric current, becaniu a strong mainot wben lirinid ttt a tomniiratiire of 1,300^ C., 
imd retaiuetl its uiagDutiHiu iTtilu cooling. {CompUa-liendiu de t'AcatUmie da Sdeacn, 
Febniary, Id©.) 

t T. S, Hunt, ThongblH on Solntinn. Amcricin Jonrnal of Soiouco, [3.] xis, 100. 

t Bakeriaa Lecture for lr)(i3, L. E. aud D, I'Lilosopliic!*! Magazine, Febniavj, 1664. 
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broken np, tha8 caasing the extravasation of the jet nn&oiidificd portion, 
wbicti wmitd contribute to the vast amount of mineral matter broni^ht 
within tlio chemical intluencea of the BurroundiDg atmosphere. Fuitlier 
cootroction from cooling would render this material more or less porous 
and permeable, preparing it for that process of combinetl meebaaica] 
and chemical diuintcgmtiou which would result from the action of the 
acid liquids afterwanls to be precipitated from the atmosphere. 

§16. We have next to consider the chemical coustitatioa ot this irregu- 
lar surfaced and broken-up crust of aubydroua and primitive igneous 
rock, which is now everywhere buried beneath the pro<iucts of its disin- 
tegration. It is evident that, with the exception of tboae which were 
still in a gaseous form, it must have contained all the elements which 
now make up the known rocks of tie earth's crust. If we conceive these, 
together with the air, the ocean, and its dissolved salts, now to react 
u|H>u each otlier under the influence of an intense heat, it will enable us 
to form some notion of the chemical relations of the elements of the 
globe at the time when they were cooling down from that contlition of 
igneous vapor which we suppose to have been that of our phiaet at am 
^rly stage in its history. To the chemist it is evident that from such 
a process applied to our globe would residt the oxidation of uU carbona- 
ceous matter, the conversion of all carbonates, chlorides, and sulphates, 
into silicates, and the separation of the carbon, chlorine and sulphur in 
the form of acid gases, which, with nitrogen, wat«ry vapor, and an excess 
of oxygen, would form an exceedingly dense atmosphere. The resulting 
fused mass would contain all the bases as silicates, and woidd probably 
nearly resemble in composition certain furnace-slags or basic volcanic 
glasses. Such we may conceive to have been the nature of the primitive 
igoeons rock, and such the composition of the primeval atmosphere, which 
roust have been one of very great density. Under the pressure of a high 
barometric column condensation would take ])1ace at a temi>er!ttura 
much above the present boiling point of water, and the lower levels of 
the half-cooled crust would be drenched with a highly heated solution 
of hydrochloric acid, whose decumi>osing action would be powerfully 
aided by the temperature. The formation of chlorides of the various 
bases, and the separation of silica, would go on until the aEQnities of the 
aciil were sati-stied, while there would result a sea-wat^r holding in the 
solution, besides the chlorides of sodium, calcium, and magnesium, salts 
of alumiunm and other metallic bases. At a later period the gradual 
combination of oxygen with sulphurous acid would eliminate this from 
the atmosphere in the form of sulpbuiic acid. The atmosphere being thug 
deprived of its volatile compounds of chlorine and sulphur, would ap- 
proach to that of our own time, but ditfer in its much greater amount- 
of carbonic acid. It will be remarked that irom the affinities which 
would come into play in the conditions above supposed, all the elements, 
with the exception of the noble metals, nitrogeu, chlorine, the related 
haloids, and tbe hydrogen combined with these, would be united with 
oxygen. The volatility of gold, silver, and platinum, would keep them 
still in a gaseous condition at temperatures where silicon, and with it 
the baser metals, were precipitated in the form of oxides. 

^ 17. The process just described ceased with the separation from the 
air of the compounds of sulphur and chlorine, and then commenced 
the second stage iu the action of the atmosphere on the earth's crust, 
by which, under the influence of carbonic acid and moisture, Its com- 
plex aluminous silicates are converted into a hycTrated silicate of alum- 
ina or clay ; while the separated lime, magnesia, and alkalies, t>eing 
changed iato bicarbonates, are conveyed totheseainastateof soluti»a. 
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The first effect of these dissolved carbonates would be to precipitate 
the dissolved alumina and the heavy metals, after which came the de- 
composition of the chloride of calcium and the formation of carbonate of 
lime and chloride of sodium. This action of carbonic acid is still going 
on at the earth's surface, slowly breaking down and destroying tho 
hanlest rocks, and, aided by mechanical proiiesses, transforming them 
into clays ; although the action, from the comparative rarity of carbonic 
acid in the atmosphere, is now less energetic than in earlier time«, when 
the abundance of this gas, and a higher temperature, favored the 
chemical decomposition of the rocks. IJut now, as then, every clod of 
clay formed from the decay of a crystalline rock corresponded to au 
equivalent of carbonic acid abstracted from the atmosphere, and to 
equivalents of carbonate of lime and common salt formed from the 
chloride of calcium of the sea-water. 

It is very instructive, in this connection, to compare the composition 
of tho waters of the mo<lern ocean with that of the sea in ancient times, 
whose composition we learn from the fossil sea-waters which are still to 
be found in certain regions, imprisoned iu the iwres of the older stratified 
rocks, and are the source of many of our saline mineral waters*. These 
are vastly richer in salts of lime and magnesia than those of the present 
sea, from which have been separated, by chemical processes, all the car- 
bonate of lime of our limestones, with the exception of that aerivedfrom 
the sub-aerial decay of calcareous and magnesian silicates belonging to 
the primitive crust. 

^ IS. The gradual removal, in the form of carbonate of lime, of the 
carbonic acid from the primeval atmosphere, ban been connected with 
great changes in the organic life of tbe globe. The air was doubtless 
at first unfit for the respiration of warm-blooded animals, and we find 
the higher forms of life coming gradually into existence as we approacti 
the present i>eriod of a purer air. Calculations based upon the proba- 
ble amount of limestone in the earth's crust, lead ns to conclude that 
the amount of carbon thus removed in the form of carbonic acid ha.s 
been so enormous, that we must suppose the earlier forms of air- breath- 
ing animals to have been peculiarly adapted to live in nn atmosphere 
which would probably be too impure to support modern reptilian life. 

Growing plants under the stiniulas of light possess, aa is well 
known, the power to absorb carbonic acid, appropriating the carbon and 
liberating oxygen. The importance of this agency in purtfyiug the 
primitive atmosphere was long since pointed out by Bronguiartj and 
our great stores of fossil fuel have been derived from the decomposition, 
by the ancient vegettition, of the excess of carbonic acid of the early 
atmosphere, which, throngU this agency, was exchanged for oxygen gas. 
In this connection the vegetation of former periods presents the curious 
phenomenon of plants allied to those now growing beneath the tmpics 
flourishing within the i»olar circles. Many ingenious hypotheses have 
been proposed to account for the warmer climate of earlier times, biit 
are at best unssitisfactory, and it would api«jm- that the true solutiou 
"of the problem may be found in the constitution of the early atmosphere, 
when con8idere<l in the light of Dr. Tyndal's beautiful reseti,rches on 
radiant beat. He hits found that the presence of a few hundredths of 
carbonic acid gas iu tlie atmosphere, while offering almost no obstaele 
to the passage of the solar rays, would suffice to prevent almost entirely 
the loss by rndiatiou .of obscure heat. 

The aqueous va[M)r which our atmosphere contains exerts a powerful 
o tbu CbuinUtry of Nntiirnl Wiitera, AiiiBricau Journiil 
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InSoence of tlie same kind, atlovring the eiin's mys to reuch tlie earth, 
but preventing to a great extent the loss by radiation of the bent thus 
commnuicated. When, however, tlie supply of beat from the sun is in- 
terrupted at niglit, the radiation which goes on into space causes the 
precipitation of a great part of the watery vapor from tlie air, and the 
«artb, being thus deprived of its protecting shielt), becomes more and 
more mpidly cooled. If now we could supiwse the atmosphere to be 
mingled with some permanent gas which should possess an absorptive 
power like that of aqueous vapor, this cooling process wonld be in a 
great measure arrested, and an eftect would be produced similar to that 
of It screen of ghiss, which keeps up the temperature beneath it, both 
directly by preventing the escape of radiant heat, and indirectly by 
hindering the coudeusotiou of the aqueous vapor in the air confined be- 
Deatb. Such a ga^^ is carbonic acid, and the large amouut of it which 
existed in the atmosphere during former geological periods must have 
•ided greatly to maintain the elevated temperatures which then existed 
at the earth's surface. Without doubt the greater extent of sea and the 
absence or rarity of bigh mountains coutributed inueb to the mild cli- 
mate of former geologic ages; but to these must be added the influence 
of the whole of the carbon since condensed in the forms of carbonate of 
lime and coal, which then existed as a transparent and permanent gas 
mingled with the atmosphere surronnding the earth, and protecting it 
tike a dome of glass. To this effect of carbonic acid it is possible that 
other gases may have contributed. The ozone which is mingled with 
Ibe oxygen set free from growing plants, and the marsh-gas which is now 
evolved from decomitosing vegetation, may, by their absorptive powers, 
which are far greater than that of carbonic acid, have coutributed 
greatly to maiutuin a high temperature at the earth^s surface in early 
times.' 

§ 19. The part which vegetation has playeil iu thechemical historj' of the 
globe has not been limite<l to the purification of the atmosphere. It 
seems to have been the great agent through which solar force has effected 
a partial deoxi<lation of the thoronghly burned or oxidized materials of 
tiie primitive world. By means of growing plants carbonic acid and 
water are reduced, giving rise to the various forms of carbon and to 
hydrocarbonaceoiis bodies, and these have been the agents by which the 
flolphatea of the metals have been deoxidized, and sulphur, native 
metals, and metallic sulphides produced. It is moreover by the reducing 
action of decaying organic matters that the peroxide of iron is partially re- 
duced and removed in a soluble form from sediments, to he aftecwanis 
deposited in the form of iron ore. The evidences of this reducing and 
dissolving action of organic matter are met with not only in the flre- 
daya and Ironstones of the carboniferous system, and among secondary, 
tertiary, and modern deposits, but on a grand scale in the Laurentian, 
system, where great thicknesses of sediments are found almost destitute 
of iron, while beds of iron ore more extensive than at any subsequent 
periods are evidences of the abundauce of organic matters at that early 
time. If. these are not more frequently i>reservcd in the form of an- 
thracite and graphite, it is becanse the amount of [>eroxide of iron Jlif- 
fosed through the sediments of the perio<l furnished the oxygen neces- 
sary for the oxidation of the carbon. Inasmuch as tbe ores of these old 
rocks, in their present forms of hematite and magnetite, are very insolu- 
ble, and represent so much iron withdrawn from the terrestrial circula- 
tiou, it is evident that tbe proportion of this element, existing in a dif- 
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fuaed and oxidized state ia receut sedimeuts, muat he less iu those of 
more remote times.* 

To the chemist the preseoco of graphite, or of a metallic sulphide iu 
a rock, nfTords clear evidences of the iuterveutioii of organic life ; aud 
these indirect ertdences are met with not ouly iu the oldest knowu strati- 
fied rocks, those of the Laurentiau system, but iu the eruptive 
diorites, which rise from beneath them, and are p jritiferous. Thepreseuce 
of graphite, native iron, aud sulphurets in most aerolite.", not to mention 
the hydroearbonaceous matters which they sometimes contain, telU us 
in unmistakahlo language that these bodies come froiu a region where 
vegetable life bos performed a pai-t not unlike that which still plays on 
our globej and even lead us to hope for the discovery in them ot organic 
forms which may give us some notion of life in other worlds than our 
own. 

§20. Animal life has played in the chemical history of our plauet a 
part much less important than vegetation, since it isoiitirely depend- 
ent for support upon the products elaborated for it by |)lauts, aud by 
chemical forces. Thus, although many limestones are made up chiefly, 
and even wholly of the Galcarex>us remains of marine animals, these 
did no more than appropriate from the water the carbonate of lime 
generated by the chemical actions esplaiued in § IT. If the waters of 
the present ocean do not deposit carbonate of lime, it is simply because 
the amount of it now generated by the slow decomposition of the solid 
rocks is not more than is required for the living orgauisms which it con- 
tains. Let these become extinct and the supxily of carbonate of lime, 
which would still continue, would soon cause deposits of precipitated 
carbonate of lime. Such a condition of things existing iu past ages, in 
limited basins, has given rise to sediments of this kind, which constitute 
some of the finest statuary marbles. 

The waters charged with the products of the sub-aerial decay of rocks, 
convey to the sea, as we have seen, bicarhonates of alkalies, lime, and 
magnesia ; but from the reaction of these on the chloride aud sulphate of 
calcium iu the ocean waters carbonat'i.of liiue alone separates, siuce bi- 
carbonate of magnesia de'composes chloride of calcium with formation 
of magnesian chloride. When, however, in a closed sea-basin all ofNthe 
chloride of calcium is decomposed, the chloride of magnesium is attacked 
by the alkaline carbonates, and the resulting carbonate of magnesia is 
separated, mixed with the carbonate of lime which had accompanied 
these. 

When into a similar closed basin, or an evaporating salt lake in adry 
region, holding sulphate of magnesia, there is conveyed a water charged 
with bicarbonate of lime, there results & double decomposition, giving 
rise to sulphate of lime and bicarbonate of magnesia. The Iatt«r, being 
the more soluble salt, remaius dissolved, while the sulphate of lime crys- 
tallizes out iu the form of gypsum, but at a later period is deijosited as a 
hydrated carbonate of magnesia, generally mixed with carbonate of lime. 
To effect this reaction it is necessary that there should be present such au 
excess of carbonic acid as to keep the magnesia iu the couditiou of bi- 
carbonate until the gypsum has crystallized out, inasmuch as dissolved 
sulphate of lime is reswily decomposed by carbonateof magnesia. This 
condition can only be attained by especial precautions in the atmosphere 
of our periml ; but by operating in an atmosphere more highly charged 
with carbonic acid, the production of gypsum and magnesutu' carbonate 
by this reaction is readily effected. Wo may hence conclude that it 
was the more highly cttrbonated atmosphere of early periods which 



* Geology of Canada, 1863, p. ff, 
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firmed the acoDmulAtion of tbe great beds of gypsnm and magneaian 
limestODes which geDerally acGompany the salt deposits of past geologi- 
cal periods. The hydrated magnesian carbonate, whether the cod- 
oonutant of gypsom, as in this case, or of chloride of sodloin, as in the 
former reaction, unites chemically with the associated carbonate of lime, 
and gives rise to dolomite or magnesian limestone." 

§ 21. The action of carbonated alkaline waters on lue salts of the sea 
imder ordinary conditjous thas gives rise to carbonate of liine, and it is 
only onder pecaliar circumstances that magnesian carbonate is sep- 
arated. The case is, however, changed with silicated alkaline waters 
c(Hning from deep seated silicated rocks, which undergo a decomposi- 
tKHi without the intervention of the atmospheric air, and hold dissolved 
silieat«s ofidkalies and of lime. These reacting on the magnesian salts 
dissolved in sea-water give rise to magnesian silicates, which are very 
iaaoluble. Hence we frequently find deposits of magnesian silicate 
in sediments, while silicates of lime are comparatively rare. In the 
solubility of bicarbonate of magnesia and the insolubility of the cor- 
responding lime salt, and in the insolubility of magnesian silicate and 
tbe solability of silicate of lime, we find a simple explanation of the geo- 
li^oal relation of calcareous and magnesian silicates and carbonates.! 

$ 23. The relations of the alkalies, potash and soda, require some 
cmsideratiou in this counecdon. The silico-aluminous compounds of 
potash possess a much greater degree of stability than those of soda. 
'QuB is exemplified in tite case of rocks which contain, side by side, 
ortkoclaae and albite, or oligoclase, when it is often found that the soda- 
feldspar has undergone decomi>o8ition &om a loss of a portion of its 
ajukali and partial disiutegratinn, while the orthoclase or potash-feldspar 
reou^iiB unchanged. It is well known that waters holding large p<Htions 
of potash salts in solution, exchange the potash for soda when filtered 
ttvoa^ a stratum of earth in which the amount of potash is, nevertho- 
leas, as great or greater than the soda ; and we find that in natural spring- 
wat^s, which olt«n contain considerable amounts of alkaline carbonates, 
the proportion of potash to the soda is as small as in the ocean. Sur- 
hee-waters bearing the nnflltered wash of the land carry considerable 
prations of potash to the sea, but it is constantly removed, partly, at 
least, by the aguicy of fucoids, which, as Forcbammer has shown, like, 
bad-pltttita, take ap large amoants of potash, and snbseqneutly, by 
their deo»y in contact witib the argillaceous mud, restore the alkali in an 
insohible form to the earth. The formation of glanconite, a peculiar 
silicate rich in potash^ which has been going on in the bottom of the sea 
fnm a v^ early period to the present time, has also been constantly 
withdrawing the potash fivm the ocean, so that soda is still the predomi- 
aaDt base in its waters. 

i 23. The changes of silicated rocks under the indnence of water,, 
carbonio add, and the products of decaying organic matter, present. 
several pointsof interest. The chemical decomposition of feldspars con- 
■ists in tite removal of their protoxide bases, alkalies, and lime, together- 
wiUi a portion of sUica, leaving as a Anal result a hydrous siUcate of aln- 
mina or clay. This chuige is favored by mechanical division, and Dan- 
brfe bas shown that by the prolonged attrition of the particles of granite 
Biuler water, the softer and deavable feldspar is, in great part, reduced 
to an impalpable powder, while the unoleavable quartz forms rounded 
grams of swid, the water at the same time dissolving from the feldspar a 
*T. 8. Bant, On the Salts of Limoand Masneria. Ameiioan Joomal of Scienech [3,], 

^m, ». _ , 

t T. 8. Hnnt, Amtriwui Jonnal of BdonM, [2,] il, 49. nmitizea bj CtOO'J Ic 
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certain portion of alkali and silica. The soda-feldspars, being more easily 
decomposed and disintegrated hj atmospheric inflnences, are broken np 
by medianical agencies more readily than the potash-feldspar. The same 
is true of silicates like hornblende and pyroxene, which are less hard than 
the feldspars. From the mechanical and chemical disintegration of 
ordinary crystalline rocks, which consist chiefly of these various minerals, 
together with qu^rt-, there will resolt a coarse sandy sediment, in which 
qoartz with more or less orthoclase will prevail, while the finer mad 
will contain only the more minutely divided particles of these, together 
with partially decomposed soda-feldspar, clay, and ihe commmated 
hornblende and pyroxene. 

§ 24. This process is evidently one which most go on in the wear- 
ing away of rocks by aqueous agency, and explains the fact that while 
quartz, or an excess of combined silica, is, for the most part, wanting in 
rocks which contain a large portion of alumina, it is generally abun^nt 
in those rocks in which potash- feldspar predominates. The coarser and 
more silicious sediments ore readily permeable to infiltrating waters, 
which gradually remove from them the soda, lime, and magnesia which 
they stUl contain, and, if organic matters intervene, the oxide of iron, 
leaving at last little more than silica, alumina, and potash, the elements 
of granite, trachyte, gneiss, and mica-schist. On the other hand, the Oner 
sediments, whose origin, simultaneous with the coarser, we nave jORt 
explained, resisting the penetration of waters, will retain all their soda, 
lime, magnesia, and iron-oxide, and coutainiug an exceas of alnmiua, 
with a small amount of silica, may, by their metamorpbiBm, give rise to 
basic lime and soda-feldspars, and to pyroxene and hornblende — the 
elements of dioritea and dolerites. 

§ 25. The disintegnition of alkaliferoua rocks, however, frequently 
-takes place under such conditions as to be more mechanical than cbemi- 
-cal, and it may often happen that sediments still retaining a considerable 
amount of combined soda become mingled with carbonat«.s of lime and 
magnesia. The reaction which then goes on between the liberated 
nlkaline silicate and these eartliy carbonates gradually effects the con- 
v^ersion of these into silicates^ while the alkaU is eliminated in the form 
of soluble carbonate of soda, giving rise to alkaline mineral waters, which, 
as I have shown, are abundantly generated in sediments where feldspatUc 
matters and earthy carbonates are intermingled. It is only fb>m rocbs 
•destitute of these carbonates that silicated alkaline waters can issue. 

§ 26. A decomposition more exclusively chemical is observed partion- 
larly among the crystalline schists of tropical and semi-tropical regions, 
where a process of disintegration often destroys the cohesion of the 
rocks to a considerable depth. This change, which has been but imper- 
fectly studied, is probably dependent in great part on the action of the 
aolnble products of vegetable decomposition, aided by the elevated tem- 
peratnre. It,'nowever,re<iuires carefulinvestigation; and a considera- 
tion of the causes which have induced it, and the extent to which it may 
have in former periods prevailed on the earth's surface, is of great geolo- 
^cal importance, since the immense erosion of which geognosy affords 
na evidence, and which seems so difQcult to explain if we conceive the 
rocks to have been as hard as we now find them in many regions, becomes 
more easily intelligible if we suppose the cohesion of the oryatalline rocks 
to have been previously much weakened by decay. 

$ 27. The operation of the mechanical and chemical agencies which pre- 
side over the disintegration of pre-existing rocks naturally divides the 
insolable products into two types, approaching in chemical compositioa, 
as ve have shown, to granitea, gneiss, and mica-achisc, on theone bandt 
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and to diorites and dolerites on the other. These correspond to the two 
classes of igneoos rocks designated by Bimseo as the trachytic and 
pyrokeDic typea, 

^ 28. There is, however, a third sonrce of silicated rocks, to which 
some allasion has already been made in speaking of the production of 
magnesian silicates by direct precipitation, as the resnit of chemical 
changes in solutions. In this way hare been formed, besides these and 
relat«d protoxide silicates, other silicates, including alumina. This base 
in certain conditions as yet bnt imperfectly understood, passes into 
Rolntion in water, and has given rise to complex silicates, including pro- 
toxide bases. As I have elsewhere expressed it, not only steatite, pyrox- 
ene, hornblende, and serpentine, bnt chlorite and, in many cases, garnet 
and epidote, have bad their origin in the crystallization and molecular 
re-arrangement of natural silicates, generated by chemical processes in 
sqneons solutions at the earth's surface. To these must be added other 
silicates, containing alkalies, chiefly potash, such as glauconite, and a 
hydrous sibcat© of alumina and potash which has the composition of 
pinite or agalmatolite and forms beds in the sedimentary rocks of dif- 
ferent geological periods. Evidences abound of the solution of alumina, 
and of the generation, as chemical precipitates, of various aluminiferons 
nlicntes. These, like the similarly-formed protoxide silicates, are in 
mostj if not all cases, highly basic, and moreover, from the mechanical 
emiditions of their production and deposition, are found a.<;sociate<l and 
even intermingled with the finely-divided basic sediments of mechanical 
origin. The alnminons silicates thus formed, though mineralogicaUy 
important, are probably small in amount when compared with the great 
mass of argillaceous sediments. 

$ 29. The chemical changes which are wrought in the siHcated rocks 
dining their mechanical disintegration are, as we have seen, chiefly the 
dimination of the alkalies, especially the soda, in a soluble form from 
its almninons compounds, and the separation and accumulation of the 
oxide of iron. The decomposition of the silicates of lime and magnesia 
niiich takes place is, to a gi-eat extent, compensated fbr by the regene- 
ration of similar compounds by ttie reaction already explained, bnt the 
mean composition of the argillaceous sediments of any geological ex)Och 
will depend not only upon the age of a formation, but upon the number 
of tames which it« materials have been broken up, and the length of the 
periods during which they have been exposed, in an nnmetamorphosed 
ccmdition, to the action of water, carbonic acid, and vegetation. If, how- 
ever, we may assume that this action, other things being equal, has on 
tite whole been most complete in the newest formations, it is evident 
that the chemical and mineralogical composition of different systems of 
rocks most vary with their antiquity, ho that we may find in their com- 
panMJve study a guide to their respective ages. Sihcious deposits, and 
chemictd precipitates, Uke the carbonates and silicates of lime and mag 
iiena,iD»y exist, with similar characters, in the geological formations of 
any age,* not only forming beds apart, but mingled with the less perme- 
able silioo-alnminous sediments of mechanical origin. Inasmuch as the 
dtemical agencies giving rise to these compounds were then most active, 
they may be expected in greatest abundance in the rocks of the earlier 
pMiods. In the case of the more permeable and more highly silicions 
aediments already noticed, (§ ^4,] whose principal elements are silic% 
alumina, and alkalies, the deposits of different ages will be marbed 
chiefly by a progressive diminution in the amount of potash and in t^ 
diaappearance of the soda which tbey contain. In the oldest or least 
■ Oeol^t; of Canada, Beport, 1866, pnge 830. CTTTTK^ 
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lixiviated rooks the proportion of alkali wilL be nearly or quite safflcient 
Co form ortboclase or ^t>ite with the whole of tlie alumina preseot, bat 
as the alkali diminishes, a portion of the alumina will crystallize, ^ipoo 
the nietaniorphiBm of the sediments, in the form of a potash-mica, such as 
mnscovite or margaiodite. Whilb the oxygen-ratio between the ^uin- 
inaand the alkali in the feldspars just named is 3:1, it becomes C:l in 
margarodite and 12: lin mnscovite. The appearance of these micas ia an 
aluminous rock denotes, then, a diminntion in the amount of alkali, until 
in some strata the feldspar almost entirely diaappe^s, and the rock be- 
comes a quartzoso mica-schist. In sediments still further deprived of 
alkali, metamorphism gives rise to schists filled with crystals of kyanite or 
of and alu site, simple silicates of alumina, into which alkalies do not en- 
ter,at least in noticeable quantities; but, in case the sediment still retains 
oxide of iron, staurolite and iron-^met take their place. The matrix 
of all these minerals is generally a micaceous schist The last tenn in 
this exhaustive process appears to be represented by tlie distheno nod 
pyrophyllite rocks which occur in some regions of crystalline schists. 
In conformity with what has just been pointed oat, it will be seen that • 
these aluminoDS silicates destitute of alkalies do not occur in the oldest 
known sediments; in those of the Laurentian system, in which also mica 
isfound in comparatively small quantities, nearly all the alumina present 
being in the form of orthoclase or albite.* 

I ^. By metamorphism in geology is understood the change of chem- 
ical and mechanical sedimentary deposits into crystalline stratified 
rocks. The conversion of these sediments into definite mineral species 
has been effected in two ways : First, by molecular changes — that is to 
say, by a crystalline arrangement of particles of definite compounda 
previoasly formed ; and, secondly, by chemical reactions lietweeu the ele- 
ments in heterogeneous sediments, giviug rise t« new compounds, whicli 
become crystalUne in their turn. Pseudomorphism, which is the change 
of one mineral species into another by the introduction or the elimina- 
tion of some element or elements, presupposes metamorphism, since only 
definite mineral species can be the subjects of this process. To confound 
metamorphism with pseudomorphism, as Bischof and others after him 
have done, is therefore an error. It may be further remarked that 
although certain psendomorpbio changes may take place in some min- 
eifil species existing in veins and near to expcraed surfaces, the alteration 
of great masses of siUcated rocks by such a process is aa yet an unproved 
hypothesis. 

§ 31. The cases of local metamorphism in proximity to intrusive rocka 
go far to show, in opposition to the views of certain geologists, that 
heat has been one of the necessary conditions of the chemicS chaoge. 
The source of this heat is generally admitted to be from below, but to 
the hypothesis of alteration by ascending heat Kaumann has objected 
that the interior strata in some cases escape change, and that, in descend- 
ing, a certain plane limits the metamorphism, separating the altered 
strata above from the unaltered strato beneath, there being no apparent 
transition between the'two. This, taken in connection wiUi the well- 
known fact that in many oases the intrusion of igneous rocks causes no 
apparent change in the adjacent unaltered sediments, shows that heat 
and moisture are not the only conditions of metamorphism. I showed, 
by experimeute in 1857, that, in addition to these condidons, certain 

■ForadiscntsionoftfaiamiUect see my p&pet on The Cbeiiikal and HinenlogioMl 
Bolatiotie of Hetamonibio Rocka, Dublin Quarterly Joomol of Scienoa, Julf, 1663 ; alao 
Oeologf of Canada, 1863, page 661, and cbap. XIX, of the wune work. 
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diemical reagents might be neceseary, and tbat water impregnated with 
alkalioo carbonates and silicates would, at a temperature not above 100<> 
eeotigrade, prodnce chemical reactions among the elements of many 
sedimentary rocks, dissolving silica and generating various insoluble 
BilieateB.* Snbseqnent experiments by Daubr^e confirmed these results 
of mine, and both together sbowed'tfae agency of heated alkaline waters 
to'l>e snfflcient te effect tbe metamorpbism of sediments by tbe two 
jDodes already mentioned, namely, by molecular changes and by chem- 
icat reactions. 

^ 32. Daubr^ further showed, by bis observations on the thermal 
alkaline spring at Plombieres, tbat its waters, at a temperature of 10° 
centigrade, had in the course of centnries given rise to the formation of 
Eeotites and other crystalline Bilicated minerals among the bricks and 
mortar of the old Roman baths. The influence of similar waters may 
aoconnt for many cases of local metamorpbism, but is utterly inadequate 
to explain the complete and universal alteration of great areas of sedi- 
mentary rocks, embracing many hundreds or thonsands of square miles. 
On tbe other hand, the study of the origin and distribution of mineral 
springs shows tbat alkaline waters, whose action in .metamoqihism I 
first pointed out, and whose efficient agency Danbr^ has since so well 
shown, are confined to certain sedimentary deposits and to definitA 
strati graphical horizons, above and below which saline waters wholly 
difTervnt in character are found impregnating tbe strata. This fact 
offers a simple solntion of tbe difficulty advanced by Naumaun, and a 
emnplete explanation of the theory of metamorpbism of deeply-buried 
strata by the agency of ascending heat, whieh is oi>erative in producing 
chemical changes only in those strata in which solnble airline salts are 
preseoit. 

§ 33. We have said that the metamorpbism of sediments includes both 
cbemical and crystallogenic changes. The gradual transformation of* 
amorphous precipitates under water into crystalline aggregates, so often 
observed in the laboratory, appears to depend upon partial solution and 
le-deposition of the material, which must not be entirely insoluble in the 
surrounding Uqnid. If tbe solvent power of this be rednced, the dis- 
solved portions are deposited on certain particles rather than others. 
By a subsequent exaltation of the solvent {>ower of tbe< liquid, solution 
of a fbrther portion takes place, and this, in its tu^n, is deposited 
around the nuclei already formed, whi^b are thus augmented at the 
expense of the smaller particles, until these at length disappeai', beiug 
gfttbered to the crystalline centers. Such a process, which has been 
studied by H. Deville, suffices, under the influence of the changing tem- 
perature of the seasons, to convert many fine precipitates into crystal- 
line aggregates, by the aid of liquids of slight solvent powers. A simi- 
lar agency may be supposed to bare efifected the crystallization of bui'ied 
sediments, and changes in the solvent power of tbe permeating water 
might be due either to variations of temperature or of pressnre. Simnl- 
taneoosly with this process one of chemical union of heterogeneous 
demente may go on, aqd in this way, for example, we may suppose tbe 
carbonates of lime and magnesia become united to form dolomite or 
magnesian limestone. {§ 20.) 

§ 34. When the sedimentary strata have thus been rendered crystal- 
Hne by metamorpbism, their permeability to water and their alterability 
thereby become greatly diminished ; and it is only when again broken 
down by mechanical agencies to the condition of soils and sediments 
that they once more become subject to the chemical changes which have 

■ T. S. Hont, American JodthbI of Science, [si,] xiiii, 407 ; xxv, 2d7-43T. o 
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been described id § 23. While tbe crjBtatliDe Btratifled rocks are bat 
sligbtly porous tbe aoaltered strata hold large qaontities of water in their 
pores. Tbo mean of thirty-six determinations upon sandstoues, shales, 
limestones, and dolomites from tweuty-flve difterent localities among 
the unaltered paleozoic sediments of Canada showed that 7.75 volumes 
of water were held in 100 volumes of the thoroughly-moistened rock. 
The proportion .varied from less than 1.0 per ceut. in the more compact 
limestoues, to 10.0 aud even 21.0 per cent, in the sandstones, an amount 
which is greatly exceeded iu some more recent Umestoues.* A large' 
proportion of tbe ocean's waters is thus imprisoned iu the vast volume 
of unaltered sedimeDts, and set free when these become metamorphosed, 
a process which is attended with a corresponding reduction of volume. 
Id addition to this, moreover, the clays aud other hydrateil silicates lose 
a large part of their chemically -combined water during metamorphism, 
aod become changed into crystalline compounds of increased density. 
This Ijecomes obvious when we compare the specific gravity of sudi 
species as garnet, cpidote, chloritoid, staurolite, andalusite and kyauite 
with that of the unaltered sedimeats iu tbe midst of which they are gen- . 
eraCed. Prom this condensation, then, as well as from the mechanical 
contraotioD consequent upon tbe expulsion of water, the metamorphism 
of sediments is attended with a very considerable diminution of bulk, 
which is not without geological significance. It results from tbe exper-_ 
imeuts of Sorby (§ 14) that sucb chemical changes as are accompanied by 
condensation or dimtnutiou of volume are favored and accelerated by 
pressure, which may thus become a direct agent in promoting meta- 
morphism as well as solution. 

§ 35. The cr>-8tallization which takes place in sedimentary rocks not 
unfrequeutly effaces more orlesscompletely the traces of their stratified 
and sedimentary origin, as is seen, for esample, in many gneisses, which 
are scarcely distinguishable from granite. Tbe study of such rocks, 
moreover, ^ords abundant proof that this alteration has been attended 
with such a softening that tbe material has been molded by pressore, 
forced into fissures or oj>enings in less fusible or less heated strata, and 
thus taken the form of what is designated as eruptive rocks. The actioD 
of heat upon sedimentary rocks is not, however, confined to condensa- 
t3on,cry8tallization,andsolleuing; stratain which carbonates, sulphates, 
chlorides, and carbonaceous substances are mingled with silicious and 
argillaceous matters, will, at a sufficiently-elevated temperature, in tbe 
presence of water, undergo sucb changes as mnst liberate carbonic acid, 
hydrochloric acid, and sulphuretted hydrogen, which are the commoa 
gaseous accompaniments of volcanic action. From these consideratious 
we are led to a rational theory of volcanic and eruptive rocks, which w© 
conceive to have their seat, not iu an uncougealed portion of the ouce 
liquid globe, but in tbe more deeply-buried portions of that disinte- 
grnted crust whose origin has been explaiued iu § 14. 

5 36. The history of this theory forms an interesting chapter in 
geology. As remarked by Humboldt, a notion that volcanic pheaomena 
have their seat iu the sedimentary formations, aijd ore dependent on the 
oombnstiou of organic substances, belongs to the infancy of geology. 
To this period belong the theories of Ldmery aud Breislak, (Cosmost v. 
443 ; Otte's translation.) Keferstein, in his Naturgeschichte dea Erdk&r- 
perg, published in 1834, maintained that all crystalline noD-stratifled 
rocks, from granite to ]ava,'are products of the transformation of sedi- 
mentary strata, in part very recent, and that there is no well-defined 
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line to be drawn between neptanian noil volcanic rocks, aince they pass 
into eacb other. Volcanic phenomena, according to bim, have their 
origin, not in an igneous fluid center, nor in an oxidizing metallic 
nndeas, (Davy, Daubeny,) bnt in known sedimentary formations, where 
they are the result of a peculiar kind of fermentation, which crj-stallizes 
and arranges in new forms the elements of the sedimentary strata, with 
an evolution of heat as a result of the chemical process, (Naturgeackichte, 
Tol. i, p. 109; also Bulletin de Ut &oci4ti O^logique de' France, [1], vol. 
vii, p. 197.) In commenting upon these views, (American Jtmmal of 
Science, July, I860,) I have remarked that, by ignoring the incandescent 
oacleus hs a source of heat, Eeferstein has excluded the true exciting 
canse of the chemical changes which take place in the buried Bediments. 
The notion of a subterranean combustion or fermentation, as a source of 
beat, is to be rejected as irrational. 

5 37, A view identical with that of Keferstein, as to the seat of vol- 
canic phenomena, was soon after put forth by Sir John Herschcl, in a 
letter to Sir Charles Lyell, in 183C, (Proceedings of the Geological tiocietg 
of London, ii, 548.) Starting ttom the suggestion of Scrope and Babbage, 
that the isothermal horieons in the earth's crust must rise as a conso- 
quence of the accumulation of sediments, he insisted that deeply-buried 
strata will thus become crystallized by heat, and may eventually, with 
their included water, be raised to the melting pointy by which process 
gases would be generateil, and earthquakes and volcanic eruptions follow. 
At the same time the mechanical disturbance of the equilibrium of pres- 
sure, consequent upon a transfer of sediments^ while the yielding snrface 
reposeo on matters partly liquified, will explain the movements of eleva- 
tion and subsidence of the earth's crust, Herschel was probably ignorant 
of the extent to which his views had been anticipated by Keferstein ; and 
the suggestions of the one and the other seemed to have passed unnoticed 
by geologists until, in March, 1858, 1 reproduced them in a paper read 
before the Canadian Institute, (Toronto;) being at that time acquainted 
with HerBchel's letter, bnt not having met with the writings of Kefer- 
stein. I there considered the reactions which would take place under 
the influence of a high temperature in sediments permeated with water, 
and con taiuing. besides siliciousaud ainmiuousmatters, carbonates, sul- 
phates, chloritles, and carbonaceous substances. From these, it was 
shown, might be produced all the gaseous emanations of volcauic dis- 
tricts, while from aqueo-igneous fusion of the various admixtures might 
result the great variety of eruptive rocks. To quote the words of my 
paper just referred to: "We conceive that the earth's solid crust of 
anhydrous and primitive igneous rock is everywhere deeply concealed 
beneath its own ruins, which form a great mass of sedimentary strata, 
permeated by water. As heat from beneath invades these sediments, it 
produces in them that change which constitutes normal metamorphism. 
These rocks, at a sufBcient depth, are necessarily in a state of igneo- 
aqncons fusion; and in the event of fracture in the overlying strata, 
may rise among them, taking the form of eruptive rocks. When the 
nature of the sediments is such ns generate great amounts of elastic 
flnids by their fusion, earthquakes and volcanic eruptions may result, 
and these — other things beitig equal — will be most likely to occur under 
the more recent formations." {Canadian Journal, May, 1858, vol. iii, p. 
207.) 

% 38, The same views are insisted upon in a pax>cr " On some points in. 
Chemical Geology." (Quarterly JoumiU of the Geological Society, Lon- 
don, November, 1859, vol. xv, page 594,) and have since been repeatedly 
put forward by me, with farther explanations as to what I have designated 
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above, the ruins of tlis crust of anhydrous and primitive igneous rock. This, 
it is conceived, must, by contraction ia cooling, have become porous aoa 
permeable, for a cousiderabie depth, to tbe waters afterward precipitated 
apon its surface. lu this way it was prepared alike for mecbanici^ disiii- 
tegratioii, and tor the chemical action of the acids, which, as shown in ^ 16, 
must have beeu pxeseiit in the air and the waters of the time. It is, moie- 
over, not improbable that a yet ansolidified sheet of molttiD matter may 
then have existed beneath theearth'H cruHt, and may have intervened in 
tJie volcanic phenomena of that early period, contributing, by its extra- 
vasation, to swell the vast amount of iDineral matter then brought within 
aqueous and atmospheric influences. Tbe earth, air, and water thus made 
to react upon each other, constitute the flrst matter from which, by 
mechanical aud chemical transformations, tbe whole mineral world known 
to us has been produced. 

§ 39. It is the lower portions of this great disintegrated and water-im- 
pregnated mass which form, according to the present hypothesis, the 
semi-liquid layer supposed to intervene between the outer solid crust 
and the inner solid and anhydrouji nucleus. In order to obtain a correct 
notion of the condition of this mass, both in earlier and Uiter times, two 
points must be especially considered, the relation of temperature to depth, 
and that of solubility to pressure. It being conceded that the increase 
of temperature in descending in the earth's crust is due to the transmis- 
sion and escape of heat from the interior, Mr. Hopkins showed mathe- 
matically that there exists a constant proportion between the effect of 
internal heat at the surface and the rate at which the temperature in- 
creases iu descending. Thus, at the present time, while the mean tem- 
peraturu at the earth's surface is augmented only about one-twentieth of 
a degree Fahrenheit, by the escape of heat &om below, the increase is 
found to be equal to about one decree for each sixty feet in depth. 
If, however, we go back to a period m the history of our globe when the 
heat passing apwaids through its crust was sufficient to raise the super- 
ficial temperature twenty times as much as at present, that is to say, 
one degree of Fahrenheit, the augmentation of heat in descending would 
be twenty times as great as now, or one degree for each three feet in 
depth, {Geological Journal, viii, 59.) The conclusion is inevitable that a 
condition of things must have existed during long periods iu the history 
of the cooling globe when the accumulation of comparatively thin layers 
of sediment would have been suEBcient to give rise to all the phenomena 
of metamorphism, vulcanicity, and movements of the crust, whose origin 
Herschel has so well explained. 

$ 40. Coming, iu the next place, to consider the influence of pressure 
upon the buried materials derived from the mechanical and chemical dis- 
integration of the primitive crust, we find that by the presence of heated 
wat«r throughout them, they are placed under conditions very unlike 
those of the original coohng mass. While pressure raises the fusing 
point of such bodies as expand in passing i uto tbe liquid state, it depresses 
that point for those which, like ice, contract in becoming liquid. The 
«ame principle extends to that liquefaction which constitutes sohitioD ; 
where, as is with few exceptions the case, the process is attended with 
condensation or diminution of volume, pressure will, as shown by the ex- 
periments of Sorby, augment the solvent power of the liquid. Under the 
influence of the elevated temperature, and the great pressure which pre- 
vail at considerable depths, sediments should, therefore, by the effect of 
the water which they contain, acquire a certain degree of liquidity, ren- 
dering not improbable the suggestion of 3cheerer, tlmt the presence of five 
or ten per cent, of water may suffice, at temperatores approa^ine, red- 
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ness, to give to a granitic maea a Hqaidity partaking nt once of tbe charac- 
ter of an igneous and an aqneous fusion. Tlie studies by Mr. Sorby of 
the cavities in crystals have led hiiu to conclude that the constituents 
of gnmitic and trachytic rocks have crystallized in the presence of liquid 
water, nuder great picssure, at temperatures not above redness, and con- 
sequently very far below that require<l for ftimiklc igneous fusion. The 
inlorvention of water in giving liquidity- to lavas, has, in fact, long been 
taught by Scrope, and notwithstaudiug the opposition of plutonists like 
Dnrocher, Foumet, and Riviere, is now very generally admitted. In 
this conue<'tion, the reader is referred to the Oeological Magazine for Peb- 
Tuury, 18C8, page 57, where the history of this qnestion is discassed. 

§ 41. It may here be remarked that if we regard the liquefaction of 
heated rocks under great pressure, and in presence of water, as a pro- 
cess of solution rather than of fusion, it would follow that diminution 
of pressure, as supposed by Mr. Scrope, wonld cause not liquefaction, 
bat the reverse. The mechanical pressure of great accumulations of 
sediment is to be regarded as co-operatinf; with heat to augment the 
solvent action of the water, and as being thus one of the efficient caasee 
of the liquefaction of deeply-buried sedimentary rocks. 

§ 42, That water intervenes not only in the {phenomena of volcanic 
emptions, but in the crystallization of the minerals of eruptive rocks, 
which have been formed at temperatures far below that of igneous fusion, 
is a fact not easily reconciled with either the first or the second hypoth- 
esis of volcanic action, hot is in perfect accordance with the one here 
mnintained, which is also strongly supported by the study of ihe chem- 
ical composition of igneons rocks. These are generally referred to two 
great divisions, corresiwnding to what have been designated the trachy- 
tic and pyroxenic types, (§ ^7,] and U> account for their origin, a separa- 
tion of a liquid igneous mass beneath the earth's crust into two layers 
of acid and basic silicates was imagined by Phillips, Dnrocher, and 
Bonsen. The latter, aa is well known, has calculated the normal com- 
position of these supposed trachytic and pyroxenic magmas, and con- 
cetves that trom them, either separately or by admixture, the various 
emptive rocks are derived ; so that the amounts of alumina, lime, mag- 
nesia, and alkalies sustain a constant relation to the silica in the rock. 
If, however, we examine the analyses of the emptive rocks in Hungary 
and Armenia, made by Streng, unci put forward in support of this view, 
there will be found sncb discrepancies between the actual and the cal- 
culated results as to throw grave doubts on Bunsen's hypothesis. 

§ 43. Two things become apparent from a study of the chemical na< 
tare of emptive rooks : first, that their comi>osition presents such varia- 
tioos as are irreconcilable with the simple origin generally assigned to 
them ; and second, that it is similar to that of sedimentary rocks whose 
history and origin it is, in most cases, not difficult to trace. We have 
already pointed out (§ ^7) how the natural operation of mechanical and 
chemical agencies tends to produce among sediments a separation into 
two classes, corresponding to the two great divisions above noticed. 
Prom the mode of their accumulation, however, great variations mnst 
exist in the composition of the sediments, corresponding to many of the 
TBrieties presented by emptive rocks. The careful study of stratified 
rocks of aqueous origin discloses, in addition to these, the existence ot 
deposits of basic silicates of peculiar tyjkes. Some of these are in great 
part magnesian ; others consist of compounds like anorthite and labra- 
dorite, highly aluminous basic silicates, into which lime and soda enter, 
to the almost complete exclusion of magnesia and other bases ; while in 
the masses of ploite or agalmatoUte rock we bavfe a similar alnminons 



202 CHBUI8TBT OP THE BABTH. 

silicate, in which liute and magnesia are vantiDg, and potash is the pre- 
domiuant alkali, (§ 28.) la such sedtmeDts as these just eDuinerated 
we flad the representatives of eruptive rocks like peridotit«, phouolite, 
leucitophyre, iiud Bimilar rocks, which are so many exceptions in the 
basic group of Buriseu. As, however, they are represented in the sedi- 
ments of the earth's crust, their appearance as exotic rocks, consequent 
upon a softening and extravasation of the more easy liquefiable strata 
of deeply-buried formations, is readily and simply explained. 

544. In this connection a few words may be said about the popular 
notion which makes granite the substratum of all stratified formations, 
and even identifies it with the supposed primitive crust of the globe. 
That this crust is everywhere concealed beneath its own ruins, and, more- 
over, that its composition must have been very different from granite, 
we have endeavored to explain, (§ IC.) The Lnureutian, the oldest known 
system of rocks, includes in its vast volume great interstrstified masses 
of gneiss, often closely resembling granite, and it is extremely probable 
that these, softened and extravasated, may form the eruptive granites 
which break throngh more recent systems of strata. These granitic 
gneisses are, however, clearly stratified, and hold, moreover, intercalated 
beds of quartzitc and of limestone, often of great volume, and including 
the remains of an animal organism — the Eozoon Canadense. The pre- 
dominance of feldspar, which gives the granitic character to the alumi- 
nous rocks of early periods, has already been ex|)lained in ^29 as result- 
ing from the great abundance of combined alkalies in tbese ancient 
rocks. The presence of quartz, an essential clement aUke in gneiss and 
granite, would suffice to show that granite is in all cases a secondary or 
derived rock, formed under aqueous influences — even had Sorby not 
shown that the minute crystal-cavities in the quartz of granitic rocks 
contain liquid water which must have been introduced at the time ot 
crystallization. Quartz lias not only never been met with as a result of 
igneous fusion, but it is clearly shown by the experiments of Rose that a 
heat even much less than that required for the fusion of quartz destroys 
it. changing it iute a new substance, which differs both in chemical and 
physical properties from quartz. We have pointed out in § IC tlie chemi- 
cal process by which it may bo supposed that silica was set free from 
the primitive silicated mass, under conditions which would permit its 
conversion iute quartz. 

$45. The rocks mentioned in preceding sections are, as regards their 
geognostieal relations, divided into stratified or indigenous and erupted 
or exotic rocks, the latter being looked upon as the results of the soft- 
ening and displacement of the former. Besides these, it is necessary to 
distinguish a third kind of rock-masses, which, like the latter, occupy 
Assures in previously -formed rocks, but are unlike them in origin, and 
have been dei>osited from aqueous solutions. The most familiar form of 
tbese is met with in the veinstones of quartz, calcite, barjtine, and fluor, 
which are often the gangue of metallic ores. A careful study of tiie 
various kiuds of veins and tbeir relations leads us, however, to a<lmit 
that almost all the mineral species which occur in the precediug classes 
of rocks may exist in vein-stones, which, from the mode of tbeir produc- 
tion, we have designated endogenous rocks. Calcareous veins in the 
Laurentian rocks may contain all the mineral species of indigenous lime- 
stones, and qaartzo-feldspathic veins are made up of aggregates which 
are familiarly designated as granites. To tbese, in fact, belong all those 
so-called granitic veins which are marked by containing fine crystalli- 
zations or rare mineral species. When, as is often the case, these marks 
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■;re waiittDR it 18 sometimes diffloalt to distinsaiBh in baDd-specimeus 
betweeo iDtli^^uoiiR, exotic, luid endo^nous granites. 

§40. The depositiou of tliese mineral species from solutinn has doubt- 
less btken pluce uuder considerable degrees of heat and pressure, which 
could ouly exist at great deptlis in the earth's crust. Waters charged 
with miueral elements by percolation through dee pi y-s anted strata rise 
through fissures iu these and deposit along the channels their dissolved 
matters, a process not so much the result of cooling aa of that decrease 
of solvent power which must follow the diminatiou of pressure in accord- 
auue with Sorby's conclusions.* 

§47. As pointed out iu §17, the &rst precipitates from the water of the 
primeval sea must have contained oxidized compounds of moat of the 
heavy metals. These early deposits, Uy mechanical division or bysola- 
tiou, became subsequently diffused, and entered into the composition of 
later sedimentary strata, liemoved from these by watery solution, the 
metallic compounds have been, iu different ages, brought to the surface 
to be deposited in some cases as oxides or carbonates, or reduced by the 
actiou of organic matters to the state of sulpburets or native metals, and 
mingled with tbe contemporaneous sediraeuts iu beds or in disseminated 
graius. Duruig the subsequent alteration of the strata, these metalUc 
matters, being taken into solution, have been re-deposited in fissures in 
the wetalliferoua strata, forming reius, or, ascending to higlier beds, have 
given rise to metal-bearing veins iu strata not themselves metalliferous. 
The metals of the sedimentary rocks are now, however, for the greater 
part, in the form of insoluble sulphurets, so that we have only traces of 
them iu a few mineral springs, which serve to give a faint notion of the 
ageucies at ooe time at work iu tbe sediments and waters of tbe earth's 
crust. Like thb iron, (§ 19) these metals have been in great part with- 
drawn from the terrestrial circulation. The frequent occurrence of these 
metals ui waters which are alkaline Irom the presence of carbonate of 
soda, is sigiuficaut, when taken iu connection with the metalliferous 
character of certain dolomites, which probably owe their origin to the 
actiou of similar alkaline springs upon basius of sea-water, (§20.) The 
intervention of intense heat and fusion or sublimation to explain the 
origin of metallic ores is uncalled for. The solvent powers of wat«r 
and of various saline, alkaline, and sulphuretted solntious at high tem- 
peratures, in connection with the notions above cnunejated, will suffice to 
fi>rm tbe basis of a rational theory of metallic depoBita.t 

§ 48. The consideration of the nature and origin of endogenous rocks 
has led to a digression to discuss the theory of metalliferous veins, which 
the plau of this essay did not permit us to treat before. We now resume 
the line of inquiry followed from § 3G to § 43, and proceed to consider the 
phenomena of volanoes and earthquakes in accordance with the notions 
already put forward. ■ 

Violent movemeuts of the earth's cmst are conSned to certain regions 
of the globe, which are at the same time characterized by volcanic 

* Of this ft reniaTkftble axaniple woe aftbrded Id 1UC6 at Oodeiich, in Ontario, where, 
»t a depth uf 1,OOU foot, u bed o( rock^tult noH uiet, from which for a time a, satnratM 
or rather Hnpt-ntatuiut^il brine wan obtaiued. As an cviileuca of Ihia, I saw u cube of 
pore ealt, one-fourth of an inch in diumuter. which hod fonned ilpou ami around a pro- 
jeciioK point of aii iron valve in tbe pamp, above the surface of the ground. The liqnid 
(HDcatb ft pressure of I,UUO feet of brine, eqnal to abont l^lOO feet of water, or 36 at- 
mnepheres, having taken up luorc salt than it could hold at tbe ordinary pressure, de- 
posited a portion of it as it reucheil the surfuce, and octuallf obHtructud thereby the 
aftioQof tbepuinn. Afterafewmontbsofpiiinping, however, the woU ceased to afford 
a folly aatnrated brine. 

lAiuericai) Journal of Science, [3,] xxxJ, 405, ftndil, 313. ^^ i CtOOQIC 



204 CHEUIBTBT OF THE EABTH. 

activity; from which it ia reasonably inferred that the phenomena of 
earthqiiafaea and volcanoes have a common origin. The discbarge 
throngh openings in the earth's crust, of ignited stony matter, generally 
in a fused condition, and the disengagement of various gaaea and vapors, 
accompanied by movements of elevation or subsidence of considerable 
areas of the earth's surface, sometimes rapid and paroxysmal^ and at- 
tended with great vibrat«ry movements, are evidences of a yieldmg emst 
of solid rock resting upon an igneons and fluid mass below. To the 
same conditions are also to be ascribed the slow movements of portions 
of the earth's surface, shown in the rise and fall of continents in regions 
remote from centers of volcanic activity. The unequal tension of the* 
yielding crust and the sndden giving way of the overstrained portions 
are probably the immediate cause of earthquake phenomena ; the seat 
of these, according to the deductions of Mallet, is to be found at depths 
of from seven to thirty miles from the surface. 

§ 49. A brief description of the phenomena of volcanoes will here be neo- 
easary. Volcanoes are openings in the earth's crust through which are 
discharged solid, liquid, and gaseous matters, generally in an intensely 
heated condition. Sometimes the ejected material is solid, and consists 
of broken, comminuted rock, or the so-called volcanic ashes. Oftener, 
however, it is discharged in a more or less completely fused condition, 
constituting lava, which is sometimes fluid and glassy, but more fre- 
quently pasty and viscid, so that it flows slowly and with difficulty. 
The ^ected materials, whether liquid or solid, build up volcanic cones 
by successive layers — a fact which has been established by modem 
observers in opposition to the notion come down from antiquity, that 
volcanic hills are produced by an uprising or tumefaction of previously 
horizontal layers of rock by the action of a force from beneath. First 
among the gaseous products of volcanoes is watery vapor; water ap- 
pears not only to be involved in all volcanic eruptions, but to be inti- 
mately combined with the lavas, to which, as Scrope has shown, it helps 
to give liquidity. The water at this high temperature is retained in 
combination under great pressure, but as this pressure is removed passes 
into the state of vapor, a process which explains the swelling up of lavas 
and their rise in the craters of the volcanoes. Besides watery vapor, 
carbonic and hydrochloric acid gases, and hydrogen, both free and com- 
bined with sulphur and with carbon, are products of volcanoes. The 
combustion of the inflammable gases in contact with air sometimes 
give rise to tme homing mountains — a name which does not properly 
belong to such as give out only acid gases, steam, and incandescent 
rocky matters, which are incombustible. 

§ 60. The escape of elastic fluids from lavas gives to them a cellular 
BtTuctnre, but when slowly cooled under pressure, as seen in the dykes 
traversing the flanks of volcanoes, the stony materials assume a more 
solid and crystalline condition, and resemble the older eruptive rocks 
found in regions not now volcanic. These include granites, trachytes, 
dolerites, basalts, &c., and are masses of rook which, though extrava- 
sated after the manner of lavas, became consolidated in the midst of 
snrronnding rocks, and consequently under considerable pressure, (5 37.) 
Their presence marks either the lower portions of volcanoes whose 
cones have been removed by denudation, or outbursts of liquefied rock 
which never reached the surface. The escape of such matters, and the 
formation of volcanic vents, are but accidents in the history of the 
igneous action going on beneath the earth's surface. We shall, there- 
fore, regard the extravasation of igneous matter, whether as lava or 
ashes at the surface, or as plntonic rook in the midst of strata, as, in its 
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wider sense, a maoifestatioD of vulcanicity, and for the elucidation of our 
subject consider both those reKio")* characterized by {;reat outbursts of 
plutonic rock in former geologic periods and those now the seats of vol- 
canic activity, which, in these cases, can generally be traced back some 
distance iuto the tertiary epoch. To begin with the latt«r, the tirst and 
most important is the great continental n^giun which may be ilesoribed 
as including the Mediterranean and Aralo-Caspian basins, extending 
from the Iberian Peninsula eastward to the Thian-Chan Mountains of 
Central Asia. In this great belt, extending over about ninety degrees 
of longitude, are included all the historic volcauoes of the ancient world, 
to which we must add the extinct volcanoes of Murcia, Catalonia, An- 
vergne, the Vivarais, the Eifel, Hnngary, &e., some of which have pro- 
bably been active during the human period.* 

Besides the great region just indicated, must be mentioned that of 
onr own Pacific slope, from Fuegia to Alaska, from wheuce, along the 
eastern shore of Asia, a line of volcanic activity extends to the terrible 
burning mountains of the Indian archii>elago. Voicauic islands are 
widely scattered over the Pacific basin, and volcanpes bum amid the 
tiiickribbed ice of the Antarctic continent. The Atlantic area is in like 
manner marked by volcanic islands from Jan Mayen and Iceland to the 
Canaries, the Azores, and the Caribbean Islands, and southward to 
ABcension, St. Helena, and Tristan d'Acunha. 

§ 51. The continents, with the exception of the two areas already 
defined, present no evidences of modem volcanic action, and the regions 
of ancient volcanic activity, as shown by the presence of great out- 
bsrsts of eruptive rocks, are not lees limited and circumscribed. In 
northern Europe the chain of the Urals, an area in central Germany, 
and one in the British Islands are apparent, and in North America 
there appear to have been but two volcanic regions in the paleozoio 
period— one in the basin of Lake Superior, and another, which may be 
described as occurring along either side of the Appalachian chain to the 
northeast, including the valleys of the lower St. Lawrence, Lake Cham- 
idain, the Hudson and Connecticut Rivera, and extending still further 
sonthward. The study of the various eruptive rocks of this region 
shows that volcanic activity in difi:'erent parta of it was prolonged Irom 
the beginning of the paleozoic period till after its close. 

i 63. The &eory of Keferstein and Herschel, explained in § 37, shows 
in what manner volcanic phenomena may be directly dependent on the 
■ocomulation of sedimentary strata. It has already b(»n shown that 
both tempeiatuie and pressure combine to produce iu the lower portions 

'It IB a most eigniQcant tact that this region is oearlr co-extensivo with that occupied 
Ibr ages hj tbe ^st civilizing races of the world. From the platean of Ceotrol AsU, 
ttroDghoiit theiT neatward migratioii to the pillara of Hercoles, the luda-EnropeMi 
natiaDB weia familiar witli the voloaao aud tbe earthqiiBke ; and that tbt) Semitic raoe 
wen not strangeiB to the same pheaomeno, the whole poetic imagery of the Flehrew 
Scriptures bears amplo eyidenco. !□ tbe language of their nriters, the mountains are 
molten, thev quake and fall down at the presence of the Deity, when the melting fire 
bnrneth. Tbe fury of His wrath is poured forth like Ore; He toucbeth the bills and 
they smoke ; while fire and solphur come down to destroy the doomed cities of the 
plaiD, whose foondation ia a moltou flood. Kot less does the poetry and the mythology 
of Greece and Bome bear tlie impress of the nuther realm of fire in which the volcauo 
and tbe earthqnake have their seat, and their indnence is conspicuons tlirinighont the 
laiagiaative literature and the religious systems of the ludo-European nations, whoM 
contact with these terrible manifestations of unseen forcua beyond tbeir foresight or 
control coulil uot fail to act strougly on their moral aud intellectual duvclopDieiit» 
whi^ would haTe doabtlew presented very difierent phases bad the early home of 
tiuse rac«e been the Australian or the eastern side of the American oontiueut, where 
Tolcanoee a: 
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of the sedimentary materia) a condition of igneo-aqneouB fasion. It 
ivoold be foreign to our plan to discuss in this place the agencies nbich, 
from early geologic periods, have been effecting the' transfer of sedi- 
ments, alternately wasting and building-up continents. One, however, 
requires notice in this connection, namely, the contraction of sediments 
consequent upon chemical changes, as already explained in § 34, which 
mnst result in subsidence. Such an effect may also result from the ex- 
travasation of great volumes of liquefied rock, and in either case the 
depressed portion of the surface becomes a basin. In which sediments. • 
may subsequently accumulate, and by their weight upon the yielding 
stratum beneath continue the process of subsidence. While the lower and 
more fusible strata becomes softened, the great mass of the more silicious"^ 
rocks, losing their porosity, become cemented into a comparatively rigid 
mass, and finally, as a result of the earth's contraction, or to counter- 
balance the depression of some other region, are uplifted as a hardened 
and comigated continental mass, from whose irregular eroaion resolts 
a mountninous region.* 

§ 53. Those strata which, from their composition, yield, under the 
conditions jast described, the most liquid products, are, it is conceived, 
the source of nil plutonic and volcanic rocks. Accompanied by water, 
mid by difBcaltly coercible ga«es, they are either forced among the fis- 
■ snres which form in the overlying strata, or find their way to the sur- 
face. The variations in the composition of lavas and their accompanying 
gases in different regions, and even from the same vent at different 
times, are strong confirmations of the troth of this view. As explained 
in § 39, the semi-liquid layer of water-impregnated material constitutes 
a plastic bed,upon which the stratified sediments repose. These, by their 
irregular distribution over different portions of the earth, determined, 
after a lapse of time, in the regions of their greatest accumulation, vol- 
canic and plutonic phenomena. It now remains to show the observed 
relation of these phenomena, both in the earlier and later times, to great 
accumulations of sediment. 

5 54. If we look at the North American continent, we find along its 
northeastern portion evidences of great subsidence and an accnmulation 
of not less thau 40,000 feet of sediment along the line of the Appalachi- 
ans from the Gulf of St. Laivreuce southward, during the paleozoic 
period, and chiefly, it would appear, during its earlier and later portions. 
This region is precisely that characterized by considerable eruptions of 
plutonic rocks during this period, and for some time after its close. To 
the westward of the Appalachians, the deposits of paleozoic sediments 
were much thinner, and in the Mississippi valley are probably less 
than 4,000 feet in thickness. Conformably with this, there are no traces 
of plutonic or volcanic outbursts from the northeast region just men- 
tioned throughout this vast paleozoic basin, with the exception of the 
region of Lake Supeiior, where we find the early portion of the paleozoic 
age marked by a great accumulation of sediments, comparable to that 
occurring at the same time in the region of New England, and followed 
or accompanied by similar plutonic phenomena. Across the plains of 
northern Russia and Scandinavia, as in the Mississippi valley, tlie 
paleozoic period was represented by not more thau 2,<HHI feet of 8e<li- 
ments, which still lie andistnrbed, while in the British Islands 50,000 
feet of paleozoic strata, contorted and a^icompanied by igneous rocks, 

* For a diBcnsBion of tbia snbjeot and the th«oi7 of moontaina, inctnding the vi«w> 
of Profemor James HoU, aee the author on ^««ri«m O»lom, AnwricM) Joonwl of 
aolenoe, [2] xxi, 406. 
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attest the conneetion between great accamulatioii and platonio phe- 
nomena. 

S 55. Coming now to modem volcanoes, we find tbem in their greatest 
activity in oceanic regions, where subsidence and accumulation are stil] 
going on. Of the two continental regions already pdlut<rd out, that 
along the Mediterranean basin is marked by an accumulation of ineao- 
zoio and tertiary sediments, 20,000 feet or more in thickness. It is evi- 
dent that the great mountain zone, which includes the Pyrenees, the 
Alps, the CaiicasQS and the Himalayah, was, during the later second- 
ary and tertiary periods, a basin in which vast accumulations of scdi- 
inenta were taking place, as in the Appalachian belt during the paleozoic 
times. Taming now to the other continental region, the American 
Pacific slope, similar evidences of great accumulations during the same 
periods are found throughout its whole extent, showing that the great 
Pacific mountain belt of North and Sonth America, with its attendant 
volcanoes, is, in the main, the geological equivalent or counterpart of 
the great east and west belt of the eastern world- 
It is to be remarked that the volcanic vents are seldom immediately 
along the lines of greatest accumulation, but appear arouud and at cer- 
tain distances therefrom. The question of the duration of volcanic 
activity in a given region is one of great interest, which cannot, for 
want of time, be considered here. It appears probable that the crreat - 
manifestations of volcanic force belong to the period of depression of 
the area of sedimentation, if we may judge from the energy and copi- 
ousness of the eruptions of island volcanoes, although the activity is 
still prolonged after the period of elevation. 

As regards the geological importance of volcanic and earthquake 
phenomena, their significance is but local and accidental. Volcanoes 
and earthquakes are and always have been confined to limited areas of 
the earth's surface, and the products of volcanic action make up but a 
small portion of tbe solid crust of the globe. Qreat mountains and 
' mountain chains are not volcanic either in their nature or their origin, 
though sometimes crowned by volcanic cones; nor are earthquakes and 
volcanoes to be looked upou as ^lytbing more than incidental attend- 
ants upon the great agencies which are slowly but constantly raising 
aod depressing continents. 
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ON THE ELECTRICAL CURRENTS OF THE EARTH. 



Bt Cablo Mattbuoci. 



The object of this memoir ia to describe a long series of experiments, 
commenced in 1863 and ouly iDtcirupted by brief intervals, on the phe- 
nomena called electric currents of the earth, meaning by those words the 
electric cnrrents which circulate in a mised circuit formed of a metallic 
line and of a terrestrial stratum, and wliicb do not depend on causes 
known and existing either in the metallic part of tlie circuit or in its 
extremities communicating with the ground. The conclusions arrived 
at in this inquiry do not comprise, to any great extent, an explanation 
of these currents founded on a known physical theory, or the thorough 
knowledge of the laws of the phenomena. We trust, however, that the 
results obtained are of sufficient importance and exactness to recom- 
pense the long and persevering efforts which were necessary to obtain 
them. We hope also to be pardoned by any one who shall undertake 
seriously to study this subject, if we have not carried these researches 
to such a point as might be desired, since it mnst appear evident from 
the experiments made that the means requisite to extend and complete 
them exceed the resources of a private individual. 

HISTO&ICAX. PA£I. 

Even from the time when the galvanometer was discovered — that is 
to say, shortly after the celebrated experiments of Oersted and Ampere- 
phenomena of electrical currents are cited as having been obtained by 
introducing the extremities of the instrument into different points of a 
terrestrial stratum. 

We believe that Fox was the first who observed the deviation of the 
needle of the galvanometer, on inserting the copper points attached to 
the ends of the wire of this instmuient in various places of a mineral 
vein of copper. Becquerel, soon after Fox, published a long series of 
experiments on the electric currents, which he obtained by sinking the 
electrodes of the galvanometer in earth taken in di£Ferent conditions of 
humidity and of composition. 

It is scarcely necessary to say that all these experiments were but 
different cases of the general principle of^tbe galvanic pile; that is to 
say, of heterogeneity in the metallic laminte in contact with the ground 
and the liquids with which the ground was imbued at the imints in 
contact with the electrodes. It would be easy, even supposing the em- 
ployment of homogeneous electrodes, by which electric curreuts are not 
produced through their immersion in water, to exhibit distinct signs of 
electric currents by using liquids of different chemical composition or 
of different temperature in contact with the electrodes. This would be 
* Btrit terta t Tomo I, I'arlt X— Flreiue, 1667. 
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a moaoer cf repeating, by nsiiig the earth as ifn intermediate noodnctor, 
the experiments tried, especially by Nobili, many years ago, on the 
reciprocal chemical actions of different liqnids. The same may be siiid 
of electric currents obtained with electrodes in which may be formed the ■ 
so-called secondary polarizations. 

These diSerent modes of obtaining electric currents in a mixed circuit 
have nothing to do with tbe study in which we are engaged, if not on 
account of the very important and indeed indispensable knowledge of 
the canses of error which are apt to intrude into the exx>erimeDt8 by 
which we seek to discover and to study tbe electric currents of tbe 
earth, ludei>endently of those causes. 

I believe that the first case of electric corrents proper of the eartb, 
which may be called, as has been done by Airy, spontaneous terrestrial 
eiectrie current* — at any rate, if not the first observed, certainly the first 
described and published — was that which was discovered on the niglit 
of the 17th of November, 1847, at Pisa, by means of the telegraphic 
wires, and which was described in a letter directed to Arago and pub- 
lished in tbe Comples-rendui of the Academy of Sciences of Paris. This 
feet consisted in the existence of an extraordinary electric current which 
circulated with such intensity and constancy as to keep the armatures 
of the electro-magnets of the apparatus in a state of attraction during 
the whole time that a magnificent aurora borealis was apparent in the 
heavens. The same phenomenon was soon afterwards observed in the 
TJnited States, and since that epoch the obser\'»tions have been frequent 
of electric currents in the wires of tbe telegraph associated with tbe 
appearance of the aurora. When it is considered that we know, on the 
other hand, the constant relation which exists between the aurora 
borealis and the indications shown by the instruments which ser^'e to 
measure the magnetic force of the earth, it is impossible not to recog- 
nize all the importance of these studies. And in fact, after these 
obser\'ations, there was no delay in directing special researches to tbe 
existence of electric currents of the earth and their laws, independently 
of the apparitions of the aurora borealis. 

We must be content, on the present occasion, with briefly referring 
to tbe researches made previously to our own, and which are due to 
Baumgarten, Bailow, Lloyd, and Walker, but especially to Ijamont, 
who, beyond the rest, has extended and varietl these investigations. 
Whoever has studied the memoii's of these observers with tbe attenrion 
due to tbe importance of tbe subject, and to the authority of their 
iuitbors, will find it difficult to avoid the conclusion that the uncertain 
ivnnlts obtained, results so little accordant among themselves, are prin- 
cipally attributable to tbe method of experimenting and to tbe disturbing 
causes necessarily introduced by that method. The greater part of the 
experiments were executed with telegraphic circuits, and therefore with 
a metallic line established in coiyunction with other metallic lines 
worked for the puniose of correspondence, and traversed by the electric 
currents of the ofiices at the moment of the experiment. We know 
that the wires of telegraphic lines are never so perfectly insalated from 
one another and &om the earth that there shall not be signs of the 
current in tbe lateral wires when the circuit is closed with one of tbe 
same wires. Moreover, ttie communications of the metallic lines with 
the earth are now made with a lamina of copi>er immersed in pits, the 
wires being at one time connected with the iron tubes of pumps, at 
another with iron railways. In the memoirs which we have referred to 
there is generally no indication of tbe mode in which the lines were 
C0D8tract«d, nor as regards tlieir insulation or their connection vith the 
14 8 
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earth. Xor in most cases are ve informed whether or uot the Dtirahcrs 
reported were obtained by experiments* made, as is quite probable, at 
the time when the lines were in service for telegraphic cori'espotideuoe. 

It woidd be useless, we think, to enlarge critically upon the experi- 
ments to which we allude or the results obtained. To such criticism 
a distingaished Swiss physicist, M. Dufour, of Lausanne, has lately 
devoted himself, and we content ourselves with citing, in his own words, 
the conclasion to which he has arrived: "It is quite evident that if 
researches are to be undertaken respecting the electric currents of tlie 
earth, offering any solid guarantee of exactness, it is necessary to employ 
special lines aud sach as are absolutely uidependeut of the telegraphic 
reticulation." 

Among oar predecessors in theae researches, Lamont alone seems to 
have bestowed some previous attention on the method of experimentiDg 
and on the causes of error incident to the methods followed. Hence 
the eminent astronomer of Monaco confesses that he had not yet found 
in those experiments a point of departure sufficiently secure, and closes his 
memoir with the admission that what he had published up to that time 
ougkt to be regarded only as a few general and preliminary indications. In 
a word, I do not think it an exaggeration to aflirm that it would be 
impossible, &om all the researches whicli I have cited, to draw the 
demonstration of the existence of the pheuomeuou of an electric curreut 
which circulates in a metallic line extended along the earth, and insu- 
lated from it, having its extremities sunk in the ground, independently 
of the heterogeneity of the electrodes and of the various causes of error 
introduced into those experiments; meaning by that phrase cauttes 
already known, and which have nothing to do with a proper electric 
stratum of the earth. 

AIETHOD OF ESPERDIEIITINO. 

The description of this method should embrace the metallic part of 
tiie mixed circuit, the commuuications between the extremities of tho 
metallic line and the ground, aud the instruments used to detect and 
measure the current. 

Metallic line. — I will state, in the first jilace, that none of the experi- 
ments described in this memoir have been executed upon a wire per- 
taining to a telegraphic line composed of several other wires. When- 
ever I have used a telegraphic line, it has consisted of a single wire ; 
and the experiments were made either during mouths when the tele- 
graphic service was not conducted by that wire, or at hours when that 
service was known with certainty to be suspended. Before commencing 
tbe experiment the line was examined throughout its course, and pro- 
tected by the removal of any possible contact with the boughs of trees 
or the walls of bouses, and by the renewal of the solderiugs of the 
junctions. The line was formed of the usual iron wire of telegraphic 
connections, 3 or 4 millimetres (^ of au inch) in diameter. Its extremi- 
ties were united to the instruments, and the electrodes sunk in the 
ground by means of a piece of copper wire covered with gutta-percba, 
freshly soldered outside of the telegraphic offices, and all communica- 
tion was interrupted between the line aud the usual wires entering 
the offices. The insulation of the line was always tested before com- 
mencing the experiment, and was always such as not to impart 
daring dry days a sensible deviation to a galvanometer of 2,000 coils. 

In many of the experiments which we shall report, a copper wire, 2 
millimetre (,V of an inch) in diameter and covered with gutta-perxmo, 
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was used ; which wire was in some cases stretched npon the gmand, 
in others Bunb at a slight depth benenth the sarface of the earth, 
bat ofteuest saspended ou slender rods of wood, like those cinploye<l 
for deld-telegraphsi 

Electrode*. — This is naturally the part of a mixed circuit requiring 
the greatest attentioD, and I have been nble to avoid causes of error ia 
this respect from the assurance, which I hnd obtttined in theexjieri- 
ments of electro-physiology, that electrodes of amal^mated zinc, im- 
mersed in a saturated and neutral solntion of sulphate of zinc, do not 
excite between them an electric current, and do not acquire seeondarj- 
polarities by the passage of a voltaic current 

The electrodes which I have employed are rectangular plates of lami- 
nated zinc, from 6 to 8 centimetres (2J to 3 inches) in width, and from 
12 to 16 (5 to (J inches) in height, perfectly amalgamated and joined to 
the metaJlic line by means of a circuit-l)reaker with two boles, into one 
of which enters the wire and into the other the extremity of a proje*-- 
tion on the plate of zinc. This plate is immerse<l in a saturated Jind 
neotral solution of sulphate of zinc, contained in a porceUiin cylinder 
like that of Grove's battery. In tlie selection of these cylinders <'nro 
must be taken to reject those which are so porous a& to admit too ceadily 
of the percolation of the Uquid. 

The porcelain cylinder tlius prepared is immersed in well or spring 
water, which should be the same at both extremities. For the reception 
o€ the water in which the cylinders are sunk, I have used diffeivnt con- 
trivances. Sometimes, after haring formed in the ground a sort of pit, 
varying in depth from a half metre to two metres, I have made in the 
bottom of this pit a cavity, shaped like a capsule, from 11) to 13 
centimetres (1 to 5 inches) wide, and of such a depth thiit the i)c>r- 
celaiu cylinder, when Introduced^ should reach with its rim the level 
of the bottom of the pit. Then, m order that the water |>oured iuto 
this kind of capsule may not be too speedily absorbed by the ground, I 
line the capsule with a stratiun of tempered potter's earth, such as is 
used in earthenware manufactures. At other times I have nsed flower- 
pots, which are sunk in the ground, the earth being compressed around 
the vessel. In some cases, finally, the porcelain cylinder was inserted 
and fixed in a large piece of cork, so that the cylinder might remain 
floating on the water of a well, but almost entirely immers^ therein ; 
the copper wire covered with gutta-percha, wiiich is joined to the plate 
of zinc, is wound around a small cord, by means of which the floating 
body is made to descend in the well. 

I have made many experiments to assure myself of the homogeneity 
of the electrodes thus prepared. It is very easy to obtain this homo- 
geneity and to preserve it with porous cylinders. We begin by having 
a certain number of such cylinders, quite new, and by filling them to 
the same height with a solution of sulphate of zinc ; we select those 
wbifdi do not readily imbibe the liquid or allow it to escape, and im- 
merse simultaneously two of those thus selected, after they have been 
well dried with a clean towel, in a vessel filled with the same water. In 
this way, even with a galvanometer of 20,000 coils, we promptly find 
the two electrodes perfectly homogeneous. It happens, however, not un- 
frequently, that, if the cyUnders are left in the water for some time or 
wiliidrawu and again immersed, a certain current will be observed to arise 
between them. If the cause of the difference which has thus originated be 
attiibntable to the plates of zinc, which Is the rarer case, it is necessary 
to ii^amalgamate them ; if, on the other hand, the heterogeneity be due to 
tha porcelain cylinders, we most withdraw these £n>m the water, diy 
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them repeatedly with a cloth, and rengw the water in which they are 
immersed. To procure homogeneowB vases of terracotta for containing 
the water in which the iwrous cylinders ure to be immersed is more 
difScult, and iii order to succeed we must leave them to imbibe water 
for several days, and then prove them ; but eveu then there are scarcely 
to be found, among many, two between which sigus of heterogeueitj- do 
not present themselves. 

In some experiments I have been accustomed to excavate a hole of 
moderate dimensions at the two extremities of the circuit, and to fill 
each hole with the same earth, into which the tcrra-cotta vase was then in- 
troduced. Most frequently 1 have satisfiol myself, before commencing 
the experiment, that there was no current between the electrodes, by 
sinking the two vases in two holes of moderate size made in contiguity 
with one another. I have also, whenever it was practicable, reversed 
the iwsition of the two eaithen vases and noted the difference, if there 
were any, of the deviations obtained in the two cases, in onler to di,s- 
cover whether the heterogeneity of the vases was noticeable, an<l to 
what extent in the current detected. 

I have sought finally to ascertain whether, in any case, it wonld be 
possible to substitute for the electrodes which I have described two 
I>lates of copper sunk in the ground, which would be much more simple 
and convenient ; and I have found that, whatever might be the state of 
these plates before submitting them to experiment, that is to say before 
using them, either in a different condition of purity or oxidation as they 
most frequently occur, there was always realized, from the first, with 
the galvanometer of 2,00» coils, a very strong deviation, of which it was 
impossible to foresee thedirection. It constantly occurred, however, that, 
on keeping the circuit closed and leaving the plates of copper buried and 
undisturbed in the earth, this deviation slowly diminished, and aftei 
eighteen or twenty hours became comparatively insignificant. At this 
juncture, it was only necessary to stir slightly one of the plates, or to 
press the contiguous earth, or to throw a little water on the sjKit where 
the two plates were sunk, in order to excite a deviation, which would 
afterwards very gradually disappear. It was also fountl that on with- 
drawing the plates t^-om the ground, wheu the donation had ceased, the 
latter reappeared, if the plates were replaced in the earth either at the 
same or at any other iwint. It is scaniely necessary to say that wheu 
a current was made to pass, with electrodes of copper, across the mixed 
circuit, the effects of secondary polarity were realized. 

In conclusion : then* would be no security in the results if, in these 
experiments on the electric current of the earth, electrodes of copper 
were used without the pi-oper precaution ; but by employing those elec- 
trodes only after they have been left buried for twenty-four hours in the 
earth and with a closed circiiit, the proper currents of the earth are ob- 
tained with the same deviation and the same constancy as with elec- 
trodes of zinc, and even with greater intensity; aud this probably 
through the greater extension and depth of the electrodes of copper in 
compiuison with those of zinc. 

Galvanometer. — Unfortunately I have not been able always to use, in 
these protracted experiments, the sivme galvanometer ; nevertheless, in 
two of the most important series I have constantly used a galvanometer 
of i.',0()0 coils, with a distinctly astatic system, and which underwent no 
variation in the whole series of exiieriments. 

When I have wished to ascertain the electric state of the atmo- 
sphere, I have used a thin wooden rod, 6 or 7 metres, (20 or 23 feet) in 
height. At the upper extremity of this rod a porcelain ini^aj^tor was 
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fixed, which bore a small arm of iron witli a dimiuutive palley. By 
means of a silk thread and of tbe pnlley, I elevated a copper wire cov< 
ered with gutta-percha, which, at the npper extremity, was terminated 
by a large uncovered portion coiled spirally, into which I introdnced a 
sort of comet, formed of divers layers of touchwood, and kindled it at 
the moment of the experiment. The lowerextremity of this copper wire 
was united to the ball of an electroscope attached to a dry galvanic 
pile. 



Experimenta nnder these conditions have been often tried, by placing 
tbe ^ectrodes of zinc sometimes in conhict ; sometimes at distances 
varying &om 10 to 20, 50, and 100 metres. It is, iu fact, by these ex- 
periments which I am accastomed to make previously to nudertakiug 
those with much longer circuits, that I eatis^ myself that there ie no 
heterogeneity between the electrodes of zinc formed in tbe manner above 
described. I have been thus enabled many times to ascertain that if 
on such an occasion there was a slight deviation it depended on the 
vases of terra-cotta, and that there was uo regularity in the currents 
thus obtained on transporting the vases to different distances within 
the above limits. In fact, the current is sometimes found to increase on 
a 'Wider separation of the vases than to diminish or even disappear, and 
sometimes to an inverse order on the removal of tbe vases to still greater 
distances. In tbese cases I have always succeeded in recognisiu!; that 
there was a difference in tbe physical qualities of the ground. Thus a 
cturent arises if one electrode be placed in a soil charged with loam, 
and the other in ,aQ argillaceous soil ; and In operating on the sands 
adjacent to the sea, a current supervenes if the electrodes be stationed 
at different distances ftom the beach. But the effects of these differ- 
ences of soil are only manifested when in contact with the vases con- 
taining the electrodes. Hence, if it be foand that a current exists be- 
tween two points at a distance of 15 or 20 metres (J9 or CO feet) from 
one another, we may be sure of causing it to ce,ase by excavating at 
those points two boles, which need not have a diameter of more than one 
metre, (3 feet,) and filling tbem with the same earth, into which the 
vases with the electrodes are then to be introduced. It is advisable, 
therefore, to pursue this course when operating with mixed circuits at 
great distances, provided it be not previously ascertained, as I have al- 
ways attempted to do when practicable, that the devTation remains in- 
variable on reversing the position of the electrodes and their vases. In 
order to remove all doubt as to whether theearthiu which the electrodes 
were sank might not influence the results found when the circuits were 
very long, I have been accustomed to make, at each of the extreme sta- 
tions, fonr or five holes at a distance of 10 or 20 metres {33 or CC feet) 
one from another, and to proceed forthwith to the proof of homogeneity 
by changing the position of the vases. 

I pass now to a description of the experiments made on such mixed 
circuits as are much longer than those just described, on circuits, namely, 
having the full length of a kilometre, (3,281 feet.) With a view to ex- 
periments of this kind, I selected a large, horizontal meadow, ai^jaceut 
to the Amo, and forming part of the Cascine of Florence. The earth of 
this meadow, at least to the depth of the 25 or 30 centimetres (10 or 12 
inches) requisite for imbedding tbe vases of the electrodes, iiossessed 
* Kilamette = 1093.6369 yarde. 
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apparently the same pliysical qualities, beiue, in feet, an arenaeeons 
farmatioD, as is commonly the case in ttie nei(;hborhood of rivers. The 
electrodes of zinc were placed saccesaively at the distance of half a-metre, 
(20 inches,) then of 11 metres, (30 feet,) then of 148, (328 feet,) then of 750, 
(2,4C1 feet,) then of 1,060, (3,477 t^t) Ateach of these Btationa I exca- 
vated fonr or five holes, in order to vary in every instance the position 
of the electrodes. The experiments were made by Rnccesstvety advanc- 
ing and then returning to the same holes; by stretching the skein 
^melassa) of copper wire covered with gutta-|>ercha, in conjunction with 
its head, (!) to one of the electrodes, and then recovering the skein and 
turning back again. The copper wire covered with gutta-percha was at 
one time stretched upon the ground, at another suspended upon poles, 
at another buried in the grass. It is superfluous to add that, in making 
these experiments, all the precautions above described were employed, 
in order to obtain and preserve the homogeneity of the electrodes. 

The result obtained from these experiments, many times repeated, 
with every precaution to secure exactness, was that iit a mixed circuit, 
formed of a metallic line and a stratum of earth, horizontal, or as nearly 
so asp08sible,o/a length not greater than a kilometre, (3,281 feet,) under a 
clear sky, ana with the air calm, there is no proper current of tlve earth dia- 
coeerable icith a galvanometer of 2,000 coils. Yet, in a circuit of this 
length, I have noticed, on days of storm aud atmospheric disturbance, 
sudden deviations under the action of the electric discbarges. 



With the aid of the corps of en^neers, I was enabled to establish on 
the great plain of San Maurizio, distant 22 kilometres (13J miles) from 
Turin, a plain set apart for military maneavers, two mixed circuits, 
each of which consisted of a stratum of earth and of a cop^ier wire, 2 
millimetres (^ of an inch) in diameter, and covered with gutta-percha. 
One of these wires was stretched in the direction of the magnetic merid- 
ian, the other in a plane perpendicular to that meridian. Both wires 
bad about the same length, namely, 6,400 metres, (4 miles.) The copper 
wire was 8a8i>ended uiwn small wooden poles, such as are used in field 
constructions of telegraphic lines. At the extremities of the two lines 
n hole was excavated, of a rectangular form, with a depth and leugth 
of 2 metres, (7 feet,) aud a width of 1 metro, (3 feet ;) in the bottom of 
this hole a cavity, or capsule, such as has been above described, was 
constructed, having a width and depth of 30 ceutimetres, (1 foot,) and 
lined with clay, so as to allow no filtration of wate^ The tbnr caWties 
were then filled with i.he same water, which was th^ of a copious waste- 
pi[ie of one of the canals which traverse the plain ; in this water the 
porcelain cylinders, with the electrod^ of zinc, were immersed. 

The first experiments wei'e directed to a verification of the equal con- 
ductibility of the two mixed lines. It should be premised that the two 
metallic lines, north-south aud east-west, were interrupted about mid- 
way, and entered at that point into a small chamber, where I had sta- 
tioned the galvanometers. Id the greater nnmbei' of the experiments I 
used a galvanometer of 1,500 eoUs, with an astatic system ; uuluckily, 
this instrument sustniueu some injuries in being transported, when the 
experiments were finished, to Xniin, so as to be no longer capable of 
being operated with. 

To measure the couductibility of the two mixed circuits, I caused the 
current of a good Daniell's battery to pass, first in one, aud then iu the 
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other, aad determined with a rheostat the coadactibility of the two cir- 
cuits. The difference betweeu the two was, trotn the tlrst, verj- email, 
and it was only necessary to excarate by a centimetre, {-^ of an inch.) 
or thereaboats, the two holes of the line which liad the greater ivsist- 
aoce, in order to render both of equal aud constaut resistauca Proof 
of homogeneity was also made by Ailing two larg* holes, which had 
been excavated in close contiguity, with the same earth procnretl in 
forming the holes at the extremities of the lines. In the holes tlias filled 
I formed the two capsules already described, and introduced therein the 
asoal electrodes; wben these were in operation, having been first well 
prepared, no current was found on the introdoction of the electrodes 
into the holes. 

After these preliminary arrangements I commenced a series of observ- 
ations which were continued about a month, from the 12th of March to 
the loth of April, 1864, being the season generally of clear skies and of 
cool and dry air; there were two or three days of a strong easterly wind 
and one of storm with rain. For the space of ten days the observations 
were never interrupted uiRbt or day, and two soldiers who relieved on.i 
another were stationed as a guard at each hcAe. The galvanometer used 
was one of 1,^0 ooils and gave a fixed deviation of 6IP, with a Daniell's 
battery introduced into one of the mixe<l circuits. 

The following were the results obtained Irom the long series of ob- 
servations made in the manner and at the time indicated : 

1. In mixed circuits, formed of a copper wue, and a stratum of earth 
Tery nearly horizontal and about 6 kilometres {i miles) long, theiv is 
always an electric current which circulates with intensity and in deter- 
minate directions according to the direction of those circuits in regard 
to the magnetic meridian; this current cannot be absolutely attributed 
to the heterogeneity of the electrodes, or of the terrestrial strata in con- 
tact with those electrodes. 

'J. These currents have an intensity' wliich increases ia proiwrtion to 
the* depth at which the electrodes are sunk beneath the surface of the 
earth, from CO centimetres (20 inches) to 3 metres (7 feet^} This greater 
eondnctibility possessed by the mixed lines in proportion to the depth to 
which the electrodes are sunk, explains the variation discovered in the 
intensity of the electric currents of the earth under these circumstances. 
This result is in conformity with that which is observed after rain, and 
which is due to the greater humidity of Uie ground iu contact with the 
electrodes. 

3. When the cavities in which the electrodes are sunk have a depth 
of 2 metres (7 feet) or more, or when the electrodes are immersed iu the 
water of wells, the extension of the laminae of zinc and the diameter 
of the porous vases have little influence on the intensity of the terres- 
trial currents. 

4. In the circuit extended along the magnetic meridian or south-north, 
the electric current had always a constant direction and an intensity 
which varied very feebly while manifesting a certain period. For a 
month, several hundreds of varied observations showed that the terres- 
trial current was always directed in the metallic part of the circuit from 
south to north, and that the needle of the galvanometer never became 
fixed at zero nor in tlie opposir« quadrant, and that its oscillations were 
always small and very slow. 

5. On comparing with one another the slightly unequal deviations ob- 
tained in uine entire days of constant observation, it results that the 
current in the south-north circnit presents in twenty-four bonrs two 
maxima and two minima of intensity. The two minima occur, one iu 
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the day, and the other ia the night, at very nearly the snme bonrs, 
namely from 11 to 1 o'clock. After 1 o'clock at night the cnrrent in- 
creases, and from 6 to 7 o'clock in the morning a maximum ia noticed ; 
-in the day this maximum oscillates between 3 and 7 o'clock in the after- 
noon. Tbe differences between the minimum and maximum of intensity 
are a litte greater than that between 1 and 2. 

6. In the circuit perpendicular to the magnetic meridian the resoltg 
are very different and subject to great variations. It frequently occurs 
that tbe needle is seen to remain at zero, or oscillates to one side or the 
other of that point, moving from 2^ to 3° and even to 14*^ and 19° on 
the same side. The direetiou of the cnrrent most frequently observe^l 
in this circuit was from west to east in the metallic part. In general 
the needle is never fixed- and sometimes executes very wide and rapid 
oscillations. 

7. It was never noticed that the diflferences of temperature, which 
fluctuated between zero (32° F.) and + 18° (65° F.) and + 20° 0. (68° F.), 
the varying humidity of the air, or even rain, had any influence on the 
direction of tbe cnrrent existing iu the circuit extended along the mag- 
netic meridian. 

8. These resnlts were not varied on changing the position of the 
metallic portion of the circuit — that is, on using the metallic line ex- 
tended on the ground or suspended on poles. 

KXPBBIMEKTS ON MIXED CIRCUITS OF A LENGTH VAETING FBOM 
200 METBE8 TO MANY KILOMETRES, THE ELECTRODES BEING SUNK 
IN THE GROUND AT A GREATER OR LESS DIFFERENCE OP ELEVA- 
TION. 

The first experiments of this kind were made on tbe hill of the Villa 
delta Regtna, near Turin. The mixed circuit established there was 
composed of au iron wire insulated in tbe usual manner^ and about 600 
metres (1,969 feet) long in a straight line, with a direction intermediate 
between 8. E. and N. W.: the two extremities of this wire were united 
to the usual electrodes of zinc sunk iu the ground at a difference of 
level of 150 metres (492 feet.) In these experiments also the ])it« in 
which the elecirodes were sunk had been filled with the same earth, 
and the capsules or cavities already described were then fonnetl and 
lined with clay. In some of the experiments, the porcelain cylinders 
and the zinc electrodes were suspended in tbe water of two wells in the 
manner before stated. 

The experiments have been continued month after month, at different 
seasons of the year, and not rarely the needle of the galvanometer has 
been observed for entire days at very short intervals of time. I Jtare 
eonslantiyfovcnd in the circuit in question an ascendituf current in the raetal- 
lic line, of an intensity which in clear and calm days was constant or 
manifested very inconsiderable oscillatJons. 

The position of the electrodes was frequently changed, by placing 
lowermost that which was highest, and vice-rersa, yet the eurreiit 
never varied in direction, and very slightly in intensity. For a certain 
time the galvanometer used in these experiments was that of 1,500 coils, 
which had served me on the plains of Han Maurizio, in the experiments 
with the circuits of 6 kilometi-es, (4 milcR,) and the intensity of the current 
was always found to be much greater than that realized in tbe circuit 
of 6 kilometres. Tbe ascending hill-current was, with this galvanome- 
ter from 20© to 25°, while that realized iuthecircuitofO kilometres, and 
where eonnequently the resistance was much greater, never exceeded 
from 5 to 6 degrees in tbe line of the magnetic meridian. The intensity 
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of the ascendiug cortent was not altered by the sabatitutioa of the 
copper wire oovered with gntta-percba for the insnlated iroii wire, nor 
were any differences uoticed when the wire wasezteuded ou the ground 
covered with frrass or with snow. 

I have seen the intensity of the current increased by pljiciiig the 
electrodes in the ground at a depth of 10 ceutimetres (4 iiicheK) below 
the bottom of a pit from 1 to 2 metres (3 to 7 feet) deep ; and while in 
excavations of inconsiderable depth, the amending current has uiarketl 
from W° to ICC, in th<»e much deeper, and in wells, it hns indicated 
more than 20°. When the electrodes are in a very Buperticial stratum 
the deviation is less fixed than when tbey-float in the water of wella. 
lu the latter case the deviation remains constant front hour to hour, if 
the day is clear and calm, nor is it changed by reversing the position of 
the electrodes in the wells. 

It may, I think, be of use to cite here a series of numWrs which 
exhibit the deviation^ realized on certain days of July, 1.SG4, with elei;- 
trodea sunk in excavations having a depth of 2 metres (7 feet) The 
atmospheric electricity was of moderate intensity and constantly posi- 
tive; the sky in part clear, and in pnrt overcast. The galvanometer 
with which I operated was one of 2,UU0 ooils. 
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ELECtBICAI. CUBBEirrS OF THB EABTH. 



It ia impossible to discover in the nambeni here reported any relatii>ii 
between the intensity of the terrestrial carreut and the hour of tlie 
day. The angmentatiou observed at the close of the Ititb day, and in 
the morning of the 17th, was probably owinf; to the rain which fell iai 
that interval, and in tact this result never fails to be obtniued when we 
fiprinkle two or three buckets of water aronnd the electrodes In the 
first hours of each of the days cited, I assored myself of the homoge- 
neity of the electrodes by immersing them simultaneously in the wat«r 
and from time to time reversing their position. The most important 
precaution is that of Irequently ascertaining that the water maint.iins a 
constant level in the cavities in which are immeraed the porcelain cylin- 
ders of the electrodes. 

I further report the amnbers obtained in one of the observations 
■which I conducted with the electrodes suspended in two wells, one at 
the top, the other at the base of the hill before mentioned. These num- 
bers were obtained with the galvanometer of 1,500 coils, lu this exper- 
iment the position of the electrodes was twice inverted. 
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It is evident from the above that the deviation produced by the use 
of electrodes floating in the water of wells is more constant than that 
resulting from their employment when sunk, as we have deflcrit>ed, in 
the earth, for in the latter case the water in which the cylinders are 
immersed is continually decreasing. I ought here to observe tluit, 
liaving taken advantage of a well, situated midway on the slope of the 
hill of Turin, I repeated tliese experiments with the same length as 
before of the metallic line, and in one case with a stratum of earth ex- 
tending from the base to about the middle of the hill, and in the other 
case from the middle to the top, the electrodes being all the time im- 
mersed in wells; in the experiments in which the terrestrial cireuit was 
thus aliout half that before used, the hxed deviation of the ascending 
current was 10^ ; much less therefore than that obtained between the 
base and summit of the bill. 

I deem it proper further to describe the principal results derived from 
an uninterrupted series of ex|>eriment8 made through all the months of 
last summer, in the hills around Florence. The line was composed of 
the usual copper wire covered with gutta-percha, suspended upon poles 
and interrupted about midway of its entrance into the laboratory, where 
the two ends were immersed simultaneously with the wires of the gal- 
vanometer of 1,500 coils, iu two small vases filled with quicksilver. In 



ELBCTBICAL OUBSEITTS OF THE ElBTH. 



219 



niany oxperiments I have nsed another but similar line, which enabled 
me to teat, by comi>ari80ii with one another, the two electrodes immersed 
iu close contiguity, now in the lower station, now in tlie up|wr. The 
electro<les were the usual plates of amalgamated zino, immei-sed in tJie 
solution of sulphate of zinc contained in porcelain cylinders, which cvU 
inders were immersed iu turn in well or spring water contained in two 
vases of terra-cotta, buried in the enrtti. It is jiseless to state that 
these electrodes were first tested, and that every precaution was used 
to ascertain their homogeneity. At the two extremities, after selecting 
a soil having very nearly the same qualities, I excavated two holes, with 
a width and depth of one metre, (3 feet,l which I filled with the same 
earth, and into the holes thus preiiared introduced the vases with the 
two electrodes. On each day of exi>erimenting, I began and finished 
by reversing the position of the vnses, in order t« assure myself that 
the deviations were independent of the electrodes, and that, when tested 
iu contact, the latter were perceptibly homogeneous. The diflerence of 
\svel between the two electrodes was about 55 metres, (180 feet.) 

Simultaneously with the obser\-ations of the electric currents in the 
circuit, I studied at the extreme stations the atmospheric electricity in 
the way already described. On clear and calm days I have always 
found very strong signs of ijositive electricity near the upper station, 
and no signs or very weak ones of the same electricity iu the valley 
below, near the lower station; indeed, at this station the same thing 
oct^nrrod even in stormy weather. At the upper station the signs 
changed according to the intensity and distance of the existing storm, 
as we shall again mention. I select the numbers obtained on the 2d, 
3d, and 4th days of July, when the air was warm and ilry, and the 
weather calm with the exception of a distant storm which was observed 
on the 3d, some hours after midday. On the 2d, from morning until 10 
at night, the current continued to ascend in the metallic line, and re- 
mained fixed at between 15° and 10° during the morning, and between 
11° and 12° in the afternoon. The results of the 3d were the following ; 
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The electrodes having been left iu place all night, the current was 
fouDd the next morning, fixed at between 14o and 15<>, and the same 
deviation remained on i-eversiug the |>o:dition of the electrodes. 

I re^mrt also the numbers obtained May 'M, on which day a peculiar 
storm occurred, a strong sirocco wind having prevailed, while fur some 
time the sky was covered with dense clouds traversed by electric dis- 
cbarges iu the distance. Kaia also fell. 
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CI Needle oscUlntea between S° uid (H>. 

Up to this moment the needle oscillated slightly; bat aftern-arda, 
ander the actioa of the storm, the needle made great osctllatioas, though 
always to the side in which the corrent maintains it, and at the close of 
tlie day the deTiatiou seemed fixed at about C0°. It has already been 
said, t^at od July 2, with a clear sky and the air warm and dry, the 
deviation waa re-established and fixed at between 16° and 16°. 

During a stonu on the Ttb I kept the electroscope in exercise for a 
length of time at the intermediate station, and constantly realized great 
oscillations of the ueedle, even to zero, when the instrnment gave .signs 
of negative electricity or very weak signs of positive electricity. Under 
strong winds also these oscillations were verified. Again, the usual 
deviation of the ascending current increased slowly or rapidly, according 
as the elcctroscoite indicated a corresponding augcnentation in the signs 
of positive electricity, or a sadden augmentation of the same electricity 
at the moment of a flash of lightning. In many other series of espen- 
mentti, which I deem it needless to report, I have always found in calm 
and clear days a deviation nearly coustaut, a result which I have never 
witnessed during storms nor even on clear days daring high winds and 
great oscillations of the atmospheric pressure. 

I proceed to describe the experiments executed upon a mixed circuit 
in which tlie metallic conductor, au irou wire of 3 millimetres, {J inch,) 
and well insulated, had a length of about 45 kilometres, (28 miles.) The 
two extreme stations, which were Poutedera and Volterra, were at a dif- 
ference of elevation amounting to 540 metres, (1,772 feet.) The experi- 
ments were performed in the nights of the 11th and 23d of July, under 
a calm and serene sky, commencing at 7.30 p. m. and terminating at 
4.4o a. m. 

In the line between Pontedera and Volterra the telegraphic otBcea are ■ 
closed at night; and in order to be more certain that no current of the 
telegraph could be introduced during the experiments on the line, I pro- 
vided for au interruption of the latter at each extremity, at the distance 
of a pole or two from the office ; at the point of interrnption I soldered a 
piece of copper wire covered with gutta-i>ercha, which at the station of 
Volterra descended immediately into the earth, where it was united to 
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the electrode of zinc sunk in the ground in the tisnal mniiner, vrhilo at 
the station of Pontedera, where the galvanometer was placed, the above- 
mentioaed wire proceeded to cue of the ends of the galvanouieter, while 
tiie other end was made to couuuaDicate with a copper wire covered 
with gatta-percha which terminated at the earth and niiited with the 
other electrode of zinc. 

The following are the nambers obtained £ix)m thetwo esperimciita, 
in both of which the constant deviation of the needle indicated the nsnal 
ascending current in the wire: 
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In these experiments, especially in that of the night of the 11th of 
July, the deviation had been constant in the interval between one obser- 
vation and another, and the variations t»ok place very slowly. Bnt 
this constancy was not so absolute as that noticed in the previon^ 
experiments with a short circnit; the needle in these experiments 
between Volterra and Pontedera having constantly exhibited a sort of 
tremulous oscillation in an arc, which was never greater than one 
degree. Moreover, as well in the experiments of the 11th as in those 
of the 23d of July, it was observed that, thrice on the forn>er and four 
times on the latter night, at various intervals of time, the deflected 
needle, which had seemed fixed, suddenly descended to (P and oscillated, 
ofteuest f6r a few seconds, but on one occasion for about an hour in the 
opposite quadrant, never taking a fixed direction, and returning by a 
rapid movement to its stationary position under the ascending current. 
These extraordinary movements of the needle, 1 am persuad^, though 
without being able absolutely to affirm it, were independent of the errors 
of the experiments, even counting among these the case of a voltaic 
current introduced foramoment into the circnit at Volterra, where I was 
not present. 

The last series of experiments which I shall report, relates to observa- 
tions made on a long telegraphic line from Ivrea to Oourmayeur, first in 
October, 18&1, and again in ITovember, 1866. These experiments were 
made in three different sections, of which that line is composed. The 
first, between Ivrea and St. Vincent, nearly parallel to the meridian, is 
3G kilometres (22 miles) in length, with a difference of level between the 
extremities of 281 metres, ^922 feet.) The second section between St. 
Vincent and Aosta is 25 kilometres (16 miles) long, and the difference 
of level, 83 metres, (272 feet.) The third, between Aosta and Courmayeur, 
at the extremity of the valley at the foot of Monte Bianco, is 27 kilo- 
metres (17 miles) long, and the difference of level of the two extremities 
C42 metres, (2,103 feet>) lu 1864 the experiments were made separately 
iu the three sections of the line; in those of 1866. only two sections, 
that, namely, between Ivrea and Aosta, and that between Aosta and 
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Goarmnyear, wnre brouglit into reqntsitiou. The wire was thft Rsnal 
irou one, from 3 to 4 millimetres (ij-iucli) in diameter. 

Before tbe experiments, tbe entire liue hud beeu inspected, repaired, 
and insulated with care, su that there was no sensible movement in llie 
needle on introdncing a current into tbe line, while Che opiK)site end 
was insulated in the air. I employed tbe usual electrodes of ziue, im- 
mersing them in tbe water of wells when I could, or iutroducin;; them 
into boles made in tbe ground and filled with identically the same wuter, 
which was that of the Uora. Between Ivrea, St. Vinoeut, and Aosta, 
the experiments were always made in the night, when the telegraphic 
ofiBces were closed ; in the last experiments between Aosta and Cour- 
miiyeur, where tbe telegraphic service ceases in September, the ex|>eri- 
meuts might be made with confidence at any hour of the day. Tbe 
results obtjiiued in the first series of exi>eriments, as beretotbre de- 
scribed in the Comptes-rendus of the Academy of Paris, (Sejttember 19, 
1864,) were as follows : The electric currents obtained in the three liuea 
of the valley of Aosta, notwithstanding the much greater resistance of 
the metallic portipn of th^e lines in comparison with tlie line of 000 
metres, (1,969 feet,} on which I bad oi>erated in the hills near Turin, 
gave with the same galvanometer macb stronger currents, measured by 
the deviations more or leas fixed of H)°, 60°, and e\'en 80°, instead of 
20^ to 2S<^ at most obtained in the shorter line. At all times, when the 
deviations became fixed — and this was sometimes the case, even for the 
spaceof an honr— the deviation indicated an ascending current in the 
metallic line. But a certain tremor of the needle was noticed, and from 
time to time, aa in the experiments between Pontedera and Volterra, 
tbe needle descended suddenly to 0°, aJwnt which it oscillated, or even 
paseed into the opposite quadrant, retnrning afterwards to tbe fixeil 
deviation prescribed by the ascending current of the wire. In this case^ 
also, I have every reason to believe, though I will not absolutely afiirm 
it, that no voltaic current was introduced at such moments into the 
cireoit so as to produce the osciUations in question. 

The experiments made in November, 18CG, were conducted under 
better conditions when the correspondence between Courmayeur and 
Aosta had been su^ended for two uiontbe. In these I was assisted by 
Siguor Eocher, a<\juuct of the chair of physics in this museum, to whose 
zeal and love for science it is due that even under unfavorable circum- 
stAUces of weather and place, especially in tbe winter, all possible pre- 
cautious were used in order that the experiments might yield exact 
results. At each extremity of the line tliree similar vases of earth were 
sunk tn a formation of nearly identical qualities at a certain distance 
from one mother, and the curruit was measured by transferring iu 
succession the electrodes of zinc immersed iu porcelain cylinders and 
aecertaiue<l to be homogeneous, now to one and now to another of tbe 
earthen vases, all of which, at either extremity, were filled with water 
&om the same sooroe. 

The experiments between Aosta and Courmayeiu' were made on the 
3d of Novemfo^, 1866, at 8 o^clock iu tbe morning; the atmospheric 
electricity at Courmayeur was feebly positive; snow had fallen in the 
night on elevated places, and the clouds were dissipated only at tbe 
rising of the sun. At 8.45, the line was tested in order to ascertain itn 
inenlationj which was found to be i>erfecU The experiments yielded 
tlie followmg results . - 
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It is proper to add that nt the two stations of Aosta and Courmaireiir, 
two electrodes of copper were also ia operation, consisting of two plates 
of that metal, with a surface of a>>out a third of a square metre, antl 
bnriod at a depth of about one metre. These pltttes were employed as 
electrodes after having been buried for two days. On the day of the 3cl 
of November, with these electrodes of copper, and at intervals of some 
hoars, there was a nearly fixed deviatiou in the same ilirection with 
those of the electrodes of zinc, and indicating, Irom 12 o'clock to 12.48, 
successively 65°, 70o, 69°, and ftom 2.40 to 3.;{0, 69° and 68°. All the 
deviations above reported indicated an atcenditiif cttmnt iu the metallic 
portion of the circuit. 

I shall only cite, in addition to the above, the exi>eriments made on 
the line between Ivrea and Aosta, having a length of about IGO kilo- 
metres, (09 miles,} and a difference of level between the extremities equal 
to 364 metres, (1,194 feet.) These exi«riments were conducted precisely 
like those just descrilwd at length, between Aosta and Coiirmayenr, 
and were executed during the days of the 5th and Ctb of November. 
The atmospheric electricity, always positive, was at Aosta eonaidurably 
more intense than in the experiments mode at (Joiu-mayenr. 

The current which circulated in this line was constantly an ascending 
one iu the metallic part of the circuit, and for many hours the deviation 
«>8ciIIat«d between 40° and 50°. On the second day the air was iier- 
fectly serene, the sim Inatrons, and the signs of atmospheric electricity 
cotistantly progressive. The needle remained defleotetl for several 
bmirs, and apparently fixed between &y> and 64° by an ascending cur- 
reot in the metallic hne. Here also the plates of copper, aonk in the 

.edtvGoogle 



224 ELECTBICAL CUEBBNTS OF THE EABTH. 

ground at tbe depth of a metre, (3 feet,) were tried aa electrodes, and 
the deviation obtained, the needle continuing nearlr immovahle, was 
from 64° to 05°. 

QBNBBAL COKCLUSIOns. 

The experiments described in this memoir point to tbe following con- 
clusions : 

1. If a metallic line be insulated from the ground or suspended at a 
certain height, or in actual contact with the ground, and its extremities 
be sunk in the earth, in good communication with the latter by means 
of perfectly homogeneous electrodes, with a certainty that there does 
not exist any electro-motive force between the parts of tbe metallic cir- 
cuit, or between the e4irth and the electrodes, it will be found that there 
is in that Une a constant circulation of electricity, whenever the line, 
having a rectilinear length of at least kilotnetrea, (4 miles,) has its ex- 
tremities sunk very nearly at tbe same elevation and in a horizontal 
stratum, or, if the length of the line be much shorter, when its extremi- 
ties are sunk in the ground at a different degree of elevation. 

2. When a metallic line has a length of 6 kilometres, {i miles,) and 
its extremities are sunk in a horizontal stratum, there is in that line a 
current having a constant direction from soutli to north, if the line be 
extended on the meridian ; if the wire be extended in an equatorial di- 
rection, the signs of the electric current which circulates therein are 
very variable and without a lixed direction. 

3. In a metallic line much shorter, say 300 metres (984 feet) to com- 
mence with, there is a constant circulation of electricity, if the extremi- 
ties are sunk in the ground at a different elevation as regards one an- 
other. In that case, the current is one constantly ascending in the me- 
tallic line. 

4. This ascending current has an intensity which, notwithstanding 
the greater resistance of the circuit, increases with the length of the 
circuits, and increases also with the difference of level of the points at 
which the extremities of the line are sunk. Bnt in circuits which are of 
considerable length, and in which there is a great difference of altitude 
between the extremities, the intensity of the ascending current is not 
so constant as in short circuits. 

These results change in the presence of storms, and also in great at- 
mospheric x>crturbations ; in such cases the intensity of the terrestrial 
current, and likewise its direction, are subject to very considerable va- 
riations. 

Hypotheaui respecting the origin of tJis terrestrial current. — I shall be 
very orief on this point, as these researches are still deficieut in tliat ex- 
tent which would he requisite for success in interpreting aphenomenoD 
necessarily obscure and highly complicated when submitted to rigorous 
investigation. 

When we consider that the resistance to the electric current of a ter- 
restrial stratum is nearly null, and that it does not vary with the length 
of the stratum, it is not easy to see an analogy between these currents 
and derived currents properly so called. 

Associated as the terrestrial currents are with the apparition of tbe 
aurora borealis, and with the great variations of terresbial magnetism, 
the probability naturally suggests itself of an intimate relation between 
these currents and the causes of the magnetism of the earth, as well as 
of the electric state of the earth itself aud of the air. If, as has been 
proreil by ex|>eriiuent, the earth is a body charged with negative elec- 
tricity ; if, as in effect is the case, the tension of this electric state of the 
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earth iDsreases with the alHtade of terrestrial points, it can bo con- 
ceived that a metallic line, one extremity of which touches the bottom 
of a valle; and the other a summit, should be traversed bv an asceuding 
dectric current, with an intensity proportional to the difTereuce of the 
electric potentialities of the two points. Since, then, the electric statQ 
of the earth varies even in clear and calm days at the various hours of 
the day, the electric current of the earth also might derive, from that 
law of atmospheric electricity, its origin in metallic Unes. touching the 
groand with their extremities, provided the lines be very long ones. 

Bnt phenomena so obscure and complex demand great reserve in any 
attempts which are made to explain them, and it is only from those new 
Mid persevering researches which we invoked at the beginning of this 
memoir, that greater light can be hoped for in regard to a phenomenon of 
K mach importance in terrestrial physics. 
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LEOTUEES ON. THE PHENOMENA OF FLIGHT 
IN THE ANIMAL KINGDOM. 



Br U. Uaxbt, o/the CoUege Iff Framit. 



[lYaiulateifrom tin Bemu Det Own 8cikitt^lqim,for lieSmiAiimUm JiwIiMfMi.] 

We Bball occupy ourselves on this occasion ia the discussion of a 
question which ie couuected with our first stadies on motion, as one of 
the fiinctions of life, namely, with the — 

NATURE OF FLIOHT IN THE AHIUAI. EINODOSL 

Flight is a process of locomotion, in some cases iudiBpensahle and in 
others accessory to the life of an immense number of living heings. It 
is not con&ned to insects and birds that live habitually in the air, or to 
certain mammals, such as bats, but is also common to animals which 
are essentially confined, by their organization, to a terrestrial or aquatic 
life, such as flying and dragon fieh, gecko-lizards, and, above all, to ptero- 
dactyles, a race at present extinct. The field on wmch we are about to 
enter is very extensive ; and altbongh it has been long cultivated, it 
would not be surprising if we should find that it has not been entirely 
exhausted, or that it is still ca.pa.ble of yielding new facts. 

In beginning, for the first time, the study of locomotion, we should 
address ourselves to the origin of the phenomena connected with the 
subject, and we would pause upon the elementary apparatus which is 
its special organ, namely, miucular JU/er, and also upou the elementary 
function of tlus indispensable organ, namely, muscular ooHtraction. We 
have, however, considered these in their general application to motion 
in previous lectures, and need only recall them to mind in this place. 
The evident manifestation of animal motion is the production of a 
change of place, or locomotion; but what wc are now to consider espe- 
cially is aerial locomotion or flight. 

Animal motion presents a series of complex phenomena; for exam- 
ple, when w© bend a finger, and examine the series of events which 
occurs in the production of the desired result, we find, at the beginning, 
first, the operation of the wil\, or a psyekical action ; secondly, the trans- 
mission of the influence of the will, or a nervoua action; thirdly, the 
contraction of the muscles, or muscular action; and, fourthly, the motion 
of the finger, which is a meckanicai action. In the study of these phe- 
nomena with which shall we commenceT A philosopher of the past, a 
Hpiuozist, would not hgsitato iu answering, but would say at once, the 
logical order should bo observed; the examination of the action of the 
will should be first made; and the otiier phenomena deduced from the 
result of this, as the primary cause. But this method is the one which 
the modem school of science rejects. The investigators of our day re- 
verse this order, and, instead of descending from causes to effects, ascend 
fivm effects to causes, ttom more simple and evident phenomena to those 
which are more complex and hidden. If we first attempt to grapple with 
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the psychical pheDomena in the series we have mentioned, we sball find 
onrselves at once encoantering difBcalties far beyond our power to over- 
come. If it be troe, as has been said, tbat all investigation, when reduced 
to its ultimate element, is measurement, how can that be investigated 
which is beyond the reach of all measurement! What unit will serve to 
express in figures the phenomena of intelligence, will, and sensibility T 
These, although similar in some respects, and belonging to the same gen- 
eral class of phenomena, are so heterogeneous to others with which they 
are associated as to admit of no comparison. Physiologists, therefore, 
address themselves, as we have said, at first to the study of the phenom- 
eoa which offer the most easy study, and these are almost always the 
last terms of a series of acts such as those which I have mentioned. 
Each successive discoTery,then,facilitates further advance, and enables 
the investigator to rise toward results which at first appear unattainable, 
and to elevate himself almost to the level of those questions on which 
speculative philosophy has spent itself in finitless efibrts. We, therefore, 
commence with the study of muscular action. The first step in this 
was made when the unattainable infiuence of the will was replaced 
by the electrical stimulus ; muscular contraction then commenced to he 
studied by itself, separate from all extraneous influences. 

You know of what assistance in studies of this kind is the application 
of the graphic method with the registering apparatus. It was by means 
of this method, and the instrument called the myograph, that Helm- 
holt^ in 1850, prosecuted his admirable researches on muscular action, 
and I was enabled to add my contributions to the theory of muscular 
contraction. The myograph enables us to note the exact instant when 
the phenomenon begins, its duration, and extent ; while tbe curve traced 
on the cylinder makes known all the circumstances of its production. 
Now, the possibility of noting the precise instant of the muscular con- 
traction furnishes us with the means of the examination of the second 
of the acts which form the object of our researches, namely, the trans- 
mission of the nervous force. 

Up to a very recent date, even as late as 1845, it was thought that 
sensitive impressions were transmitted to' the brain from the extremi- 
ties, and that the impulse of the will returned with the rapidity of 
lightning, the time necessary for tlje transmission being regarded as 
iotimtely small; and, indeed, some physiologists, Miiller among others, 
contended that this piaint never could be settled by science. The honor 
irf falsifying this prediction belongs to Helmholtz, who carried out, in 
■650, a programmo of experiments, suggested by Du Bois-Eaymond 
tve years before. He proved that the time taken by nervous force to 
traverse the length of a specified nerve could be accurately measured. 
After him, Valentine, Du Bois- Raymond, Donders, and JIarey repeated 
the experiments, and considerably simplified the method of operation. 

In all the researches tbe ))lan which was followed consisted, first, in ex< 
citing a nerve in the neighborhood oC tbe muscle to which it belonged, 
and determining the interval which elapsed between this irritation and the 
contraction which resulted from it; secoudly, in stimulating the nerve at 
a (pi'eater distance from the muscle, and determining how mnch longer cou- 
traetion was retarded than in the former case. This delay necessarily 
follows from the greaterdistancewhich the nerve-impuleehas to traverse 
iu the second case, and thus indicates the rapidity of this agent nloug 
the nerve which has been operated upon, or, in other words, furnishes the 
means for tbe deduction of the absolute velocity of the nervous im- 
pnlse. Helmholtz found that about 0.00175 of a second was occupied 
by a nervotts impulse in traversing a distance of forty-three millimeters, 
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vhich corrcaponds to a velocity of twenty-six meters per second. This 
velocity, however, varies somewhat with the couditions of the organ on 
which the cxperimeat is performed. I shall not dwell on these poiuta, 
which are alrea^Iy published, bat shall call your attention to this re- 
markable fact, bearing directly upon our thesis, namely, that the meas- 
urement of the nervous transmission enables as to rise to the study 
of psychical action. " Has thought no longer the iuflnite rapidity 
which has been habitually attributed to it, and is it possible to measure 
the time necessary for the formation of an idea or a determination of ' 
the will T" Such are the terms in which Donders expresses the prob- 
lem. 

The first researches on this interesting subject are due to the astrono- 
mers. Toward the year 1T90 a carious fact was anuonnced by Maske- 
lyne, who stated that in the estimation of the passage of stars across 
the thread of a meridian telescope, there was a constant discrepancy 
between his observations and those of his aid, Kiunebrock. Lat^r, 
Bessel, comparing the observations of other astronomers ^rith bis own, 
perceived that most of the observers signalized the passage of stars a 
little later than he did, the difference iu some cases being more tliaa 
a second. These observations attracted the attention of astronomers 
generally. They commenceil to study the phenomenon under the name 
of the personal equation, and to ascertain its absolute value. To illustrate 
the method of obtaining this result, we shall ooly describo the process 
lately invented by M. Wolf, of the Paris observatorjr. He arranged a 
luminous bull's-eye, a kind of artificial star, so that it moved at a mii- 
form rate along a curved line, resembling the triyectory of a true star. 
At tlie moment tliia luminary actually passes before the thread of the 
telescope, or at the moment wheTi its center coincides with the central 
thread, it closes the cu-cuit of a galvanic battery ; at this precise instant, 
an electric current, excited by the completion of the circuit, records the 
passage of the star on a revolving cylinder. Moreover, the observer, at 
the moment when he perceives the passage of the artificial star before the 
thread of the telescope, by pressing a spring, records the instant on the 
same chronograph. The interval between the two signals, estimated in 
fractions of a second, measures the lapse of time between the real pas- 
sage of the star and the estimatiou of its passage by the observer. This 
is the absolute value of the personal equation, which remains nearly the 
same for each observer, unless, being aware of it, he endeavors to cor- 
rect it. M. Wolf reduced his error &om three-tenths to one-tenth of a 
second. 

From a physiological point of view, we may ask. What is this personal 
equation T The astronomers, Bessel and Faye, have suggested the hy- 
pothesis that an iDtellectuul operation is necessary for tnmsmitting by 
a signal a perceived sensation. The pheuomenou has not the less gen- 
erality froDi having been at first signalized by astronomers, and it may 
be said that a certain time always elapses between the instant of occur- 
rence of a phenomenon and the signal of an attentive observer that he 
perceives it. The duration which separates the impression f^m the 
signal of the reaction has been called tUe physiological period. We owe 
very curious observations upon the variations of this physiological 
period to M. Hirsch, (of Keufchatel,) and especially to M. Donders, and 
his pupils. 

Thus, tlio signal of reaction being always the same — for example, a 
motion of the hand, as in closing a galvanic current — it is obsen'ed that 
the signal is produced more rapidly if the impression is made upon the 
sense of hearing than if it is exercised upon the sense of sight, and still 
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more quickly by tactile irritation. If the impression is on the eye, Hie 
reaction of the hand takes place in one-flfth of a second; if it is on the 
ear, in one-sixth of a second ; and on the skin, in one-serenth of a second. 
Tlins ttic physiological periods are amon^ themselves as the numbers 
oue-flfth,one-sixtli, one-seventh. Bat does this period of, for example, 
oue-seventh of a second, which elapses between the moment when the 
skin is irritated and that when the observer moves his hand, corre- 
spond entirely to a i)sychical act I We answer no ; it is necessary that 
tbe sensory impression should have time to reach the brain ; cerebral 
perception and volition being then accomplished, time is required for the 
motor impression to reach the muscle and determioe its motion. Nor 
is this all. Tbe impression once produced passes tlirongh the nerve 
with a known velocity, bat this imiiresaion is not instantaneously pro- 
duced ; it needs time to take form, to bo completed before becoming 
ready to traverse the nerve. It is not sufflcient, therefore, to deduct 
from the total duration of one-seventh of a second, the dnration of the 
IKissage of the sensory nerve-force and of the motor nerve-force, to con- 
clude that the remainder appertains to the psychical act. These experi- 
ments do not exhaust the subject. They do not make known the dura- 
tion of the cerebral act, nor even whether it has a duration. 

M. Donders instituted in the meanwhile a series of experiments des- 
tined to remove all doubts. His method consists in augmenting the 
physiological period until the measurement of the intercalated intel- 
lectnal oi)eration can be clearly observed. 

The following is the plan of one of his experiments: 

First case. — The observer knows that an electric shock will be given 
to his riglit foot, while the signal of reaction is to be given by tho right 
hand. 

Second ease. — The observer does not know which foot will receive the 
irritation, and is instructed to give the signal by the hand of tbe irri- 
tated side. 

The physiological period measured in the two cases was longer in the 
latter by about one-fifteenth of a second. It is clear, all the other con- 
ditions being the same, that the difEorence in question represents the 
time necessary to determine upon which side the irritation had taken 
place, and to direct to the right or left side, conformably with the idea 
acquired, the action of the will. Consequently the solution of a di- 
lemma reduced to the most simple form is a cerebral action esistiog 
during one-fifteenth of a second. It is thus experimentally established 
that a cerebral action has a duration. We finally become assured that 
this duration is augmented in proportion as the psychiQal action be- 
comes more complicated, and that it is diminished when the action be- 
comes simplified. 

Instead of exciting the organs of touch, Donders next experimented 
as follows on visual irritation : 

Firgt cane. — ^The observer executes a movement with the right hand 
upon the a|ipearance of a white light. 

Second cane. — A white light and a red light are employed, and the sig- 
nal of reaction is to be given with the right liand for the white light, 
and with the left band for the red light. Under these conditions the 
solntion of the dilemma consumes in the mind a more considerable 
time. On the contrary, in the case of auditory stimulation, the dilemma 
was solved by the mind in less time than in the case of visual stimula- 
tion. The author of these researches attributes this superiority of one 
sense over another to a facility derived from habit or exercise ; and, in 
foct, repetition tends to equalize tbe action in tbe case of the two bands. 
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The elemeotuy psychical action nhich we have examined has not yet 
attained the greatest degree of simplicity. Since, in the solution of the 
preceding dilemmas, two operations of the brain can be distinguished — 
lirst,thedistlnction between different Impresaions; second, the volition of 
on act chosen from among other acts — Donders asked himself if it m^ht 
not be possible to determine separately the time appertaining to eacn of 
these two terms. The following is the experiment which he instituted 
to attain this object : 

First cote. — An observer was Vamed that a Towel would be pro* 
nounce<l, and was directed to reproduce the sound heard. 

Second case. — The observer in tliis second arrangemeut was directed 
to respond only to a single vowel — t, for example— and to keep silence for 
all others pronounced. His effort was then entirely directed toward the 
recognition of i, the vocal organs were placed in the proper position, and 
the impnlse of the breath alone was needed to omit the corresponding 
sound. We readily comprehend how much the second term of the psy- 
chical action is simplified ijnder these conditions. The will having only 
to apply itself to the production of sach a sound, rather than any other, 
reacts, bo to speak, without a previous judgment, and the signal follows 
the act of volition as simply as can be imagined. We naturally observe 
that this restricted operation occupies less time than the first by the 
amount of time necessary to respond to each sound with its equivalent, 
and this difference corresponds Co the action no longer required by the 
brain. ' 

The preceding considerations indicate suflBclently the path which we 
have to follow. Having to study the function of aerial locomotion, we 
shall examine the organ which serves to accompliali it, namely, the 
wing. It is by the movements of their wings that animals sustain and 
direct themselves in the air. They strike the atmosphere with repeated 
blows, and the reaction of this fluid on the surface which they expose 
serves for the propulsion of the entire body. 

I— Flight of insects. 

The first subject which presents itself for our investigation will be 
the inquiry as to the frequency of the motions of the wings of in- 
sects. Here we encounter the first difficulty. The movements of the 
wings are so rapid in most cases that the eye cannot count or follow 
them. There are very few insects which fly slowly enough to render 
this direct determination possible. Among the most common we may 
mention the white butterfly which is frequently met with in our fields, 
the cabbage PierU. This insect, which has a jerking flight, seldom exe- 
cutes more than eight or nine movements of the wing in a second ; while 
those insects whose flight is directed with precision and without jerks 
towiml a determined point generally execute hundreds of strokes of 
the wing in a second. Tbas, in the m^ority of cases, direct observa- 
tion cannot follow the wing of insects. We observe a body in motion, 
bnt we only perceive the extreme limits of its oscillation ; it may, bow- 
ever, be said that these limits are seen with great precision. But 
that observation may be facilitated, it is necessary that the subject of it 
shall be placed in a favorable sitnatiou. We take, for example, one of 
those Macrogiossa (sphynx moths) which f^oently serve as the subject 
of experiments on account of their large size and the readiness with 
which tbey are obtained. Fastening its body with a pin between two 
strips of cork iu such a way that It shall not turn around upon the 
axis which pierces it, and that the motion of its wings aloae shaU be en- 
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tirely free and placing it before ua, the wings being in motiOD, ve 
perceive two obliqae lines, which mark the limits of passage of each of 
itfi wings, while their intermediate positiotis coutinne to escape the most 
acate observation. 

It is hardly necessary to give an explanation of this fact. Every time 
that a body in rapid motion changes its direction to return on its steps 
and to traverse in a contrary direction the road which it has already 
traveled, a moment arrives when its motion, before change of direo- 
ticHi, becomes absolutely nothing ; this point of cessation, this dead- 
point, is the extreme limit of oscillatioD. This is why the impresaitHi 
IB prodnced before the wing has left the limiting position, and at tho 
moment when the impression is about to be cfEaoed the wing has had 
time to make a complete oscillation and to retnm to its point of depart- 
nze, 80 that the new impression is confounded with the old one, and the 
eye experiences a continuous sensation, the result of the fusion of the 
intermittent sensations. But since the optical method is insut&cient to 
inform us of the frequency of the vibrations of the wings, we must 
have recourse to another process. I may say, in advance, that the 
graphic process is the most exact of any we possess, and you shall be 
the judges of the results it will afford us. However, before broaching 
this new subject I cannot dispense with saying a few words on aa inge- 
nioDB method based od the observation of the sound which insects pro- 
dace dnrittg their flight, and which we may designate as the acoustio 
methods 

• Every one has beard the sonnd which insects prodnce while flying. 
If this vibratory buzzing is due to tho strokes of the wing, and if they 
resnlt from its alternate motion back and forth, as the sound of the reed 
lesolts &om the vibration of a metallic lamina, then in ascertaining the 
{Htch of the sound the number of alternate vibrations to which it cor* 
responds will be known. For this, a tuning-fork, or a piano, is sufficient, 
wiOi which we can compare the pitch of the sound produced by the 
insect. This method would be very conclusive if the principle upon 
which it rests was incontestably established. But on this point there is 
a difference of opinion amoug natnralists. First, a number of sounds 
prodnced by insects can be definitely excluded, which are certainly not 
I^odQced by the vibration of the wings. Certain coleoptera, for exam- 
ple, prodnce sound by rubbing the last upper segments of the abdomen 
against the elytra.* T. Lacordaire cites, among the insects which emit 
sound in this manner, the Necr<m!u>ri, the Copri, the exotic 8oaraln/aad a 
hostof lamellicom beetles not fonnd in Europe. Almost all the lamelU- 
ooms prodnce a deep sonndby rubbing the peduncle of their meaothoraxt 
agsinst the prothoraxf in which it is inserted. Certain of the CmndeUdtg, 
the Oxgcheila trUtit, the Melaaomidte, the Cacicus americanus, rub their 
thighs or their binder legs against the border of their elytra, pro- 
dadng in this way a pecnliar noise. Ollivier, in the first volume of his 
entomology, mentions the fact that the female of a Cape of Good Hope 
insect, the Moluris striata, calls the male by rubbing a granular protuber- 
ance upon the lower pmt of the second segment of the abdomen against 
extraneous objects. Finally, among the crickets one part of the anterior 
wing^ thinner than the rest, forms a kind of drum or tympanum ; one 
of the nervures which traverses this drum is armed with denticles, on 
which, daring the alternate motion of the wings one over another, the 

* Bh/tra : the hard outer wings of beetlei. 

t Metoihona : the second Hginent of tho middle or leg-lMKtlDg dlvlEdon of the bodj 
of Bbeetle. 
t PnOumix: the fint Mgrnent of the same. C^'ooolf 
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aalieot border of the opposite wing is nibbed in tanb s manner u to 
Bonnd the drnm and produce the noise familiar to every one. It will be 
nnderstood that at present we eliminate all these Bounds, the origin of 
which is evidently different from that of the vibrations of the winga, 
and confine ourselves to the very great number of cases in which the 
bnzsing of the insect is manifestly produced by the rapid strokes of 
tiiese organs. 

Chabrier and Lacordaire report that a portion of the wings of most 
insects can be destroyed without a cessation of the sonnd. " In portions, 
as pieces of these organs are cut off, the sound becomes sharper, and sen- 
sibly more feeble, especially when we leave only a stump remaining. If 
this last be removed, which can only be done by a considerable laoemtion 
of the mnsoles which attach it to the thorax, the buzzing ceases entirely." 
" If," concludes the anther, "the bnzzing were entirely due to the wings, 
ve conld notcut off with impunity three-quarters of these oi^ns." This 
objection confirms the hypothesis which it apparently was intended to 
disprove. In effect, since the sound is elevated in the same ratio in 
which the vibrating wingis diminished in length, is not this phenomeooD 
entirely analogous to that which we observe when we have shortened 
a vibrating rod f The modification produced in the sound being the 
same in both cases, sbonid not the mechanism of its production be iden- 
tical T At least the fact« cannot be regarded otherwise, if the vibra- 
tions of the wings are really the cause of the buzzing. 

Tbeauthors whom we havejustcitedhaveindicated an entirely different 
cause for tbe acoustic phenomena. They have attributed them to the 
air which enters the tracbera, and which, passing rapidly outward, puts 
in vibration the little scaly organs which surround the base of the stig- 
mati.* And tbey cite, in confirmation of their views, this fhct — that tbe 
buzzing also ceases if the surface of the body of the animal is covered 
with gum HO that the excess of air to the respiratory canals is prevented. 
The lips of tbe stigmati act as the lips of the glottis do in superior animals, 
and tbe buzzing of the insect, therefore, becomes a true voice. Whatever 
may be tbe fate of this explanation, the result which we desire remains 
tbe same. We see, in effect, that in the motions of the wing there is, 
as it seems, only a single active period — that in which it is lowered, 
bronglit down; the elevation takes place in consequence of the elas- 
ticity of the pieces of the thorax strongly stretched by the contraction 
of the muscles which pull down tbe wing. At the same time that this 
tension is produced, the volume of the thorax is amplified and the iacor- 
sion of air is the immediate result of this increase of capacity. The air 
must then enter and leave the trachea at each strolie, and the vibra- 
tions it produces (whether proceeding from the wing membrane or from 
the stigmati) correspond exactly to the movements of tbe wing. 

Tbe acoustic iibenomenon, if it is not the consequence of the vibra- 
tion of the wings, is at least synchronous with it. It can inform as, 
therefore, in all cases of tbe frequency of the strokes. When the biu- 
zingof an insert, fiying with a uniform rapidity, is observed, we find that 
the pitch perceptibly does not remain tbe same; when the insect ap- 
proaches the ear the pitch is< elevated, and is lowered when the insect 
flies from us. Something analogous takes place when a tuning-fork in 
vibration is moved rapidly to and from the ear ; the sound becomes 
elevated and then lowered, and tbe difference may attain a quarter or 
even half a tone. It is necessary, tberefore, to take care that the in- 
sect experimented on shonld always be at the same distance from the 

* SligMati : tbo Bpirttcles or opeuingB ii. UiD external iateguinaDt of iiuecta, throoglt 
which ic^irotioD is CMried on. 
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observer. This pertarbatory phenomenon bas been perfectly explained 
as follovrs : The vibrations, without donbt, are all produced at equat in- 
tervals of time, and, therefore, when the instrament remains at the same 
distance from the ear, the same time elapaes between the several im- 
pnlses on the tymi)anum. But when tbe fork is made rapidly to ap- 
proach the ear the impolses are crowded tog:ether. and consequently tbe 
pitch rises ; when, on the contrary, the fork is rapidly removed from the 
ear the impulses are wider apart, and the sonnd deepens. Every one 
has remarked, in traveling by rail, that if a locomotive whistles while 
passing in an o]»posite direction, the sharpness of tbe soand increases 
as it approHches, and becomes deep when it has passed and is rapidly 
becoming more distant. 

11. ThemovemenUofthewinffofintects, 

To arrive at ft complete comprehension of tbe mechanism of digfat of 
insects, I have eaid that we should, in the first place, resolve a certain 
nnmber of practical qnestiona which should serve ns as steps to reach a 
definite conclusion. I could present you immediately witb the final 
result of the experiments by which I have eincidated this subject for 
myself, and the theory which expresses them, but I prefer to proceed 
otherwise. 1 shall enter on an ex»mination of the fkcts and into tbe 
details of tbe experiments, in order that my bearers may participate 
more completely in the studies which we pursue together, for I am per- 
suaded that there is as mncb preflt in knowing how to arrive at a result 
as in knowing the result Itself. 

1. We have begun to study the motions of the wings, and the first 
question which presents itself is the frequency of these motions. On 
tills point direct observation is of little assistance : tbe acoustic method, 
which consists in determining the frequency of the strokes of the wing 
by tbe pitch of the buzzing of the insect is more efficient, but we have 
seen that even the principle of this method has been contested, and that 
its application presents difficulties. The graphic method remains to be 
considered. This method consists in making tbe wings themselves 
record the strokes wHicb they execute. When an insect is held iu 
captivity by force which it cannot overcome, after trial it ceases 
a useless resistance ; it resigns itself and abstains from all eflforts to 
escape, its wings remain immovable, and in this way the observer who 
hopes to study their motions finds himself disappointed. But there are 
different methods of awakening the insect to its original activity; it 
is sometimes sufficient to pinch the antenna lightly; this irritation of a 
very sensitive organ succeeds with the MacrogloBsa. Among the wasps 
tbe end may be attained by titillating the feet, or by holding them all 
together with a pair of forceps, and then releasing them suddenly, except 
one, by which the animal isheld. The captive supposes that it is at liberty, 
and makes an effort at flight which last about thirty seconds, or long 
enoagh to l>e observed. ThereiB,however,auotherdifficulty, Thecaptive 
insect, when willing, cannot fly like an insect at liberty, because the exter- 
nal conditions are not the same. It experiences a greater resistance in 
proportion to the traction which it exerts upon the bond which holds it j 
to a free insect tbe relation is such as a boat held by an obstruction 
bears to one sailing finely, or as a horse which drags a load to one re- 
lieved from harness. This resistance modifies its behavior considerably, 
and obliges ns to distinguish between the two different conditions of 
free flight and flight in captivity. It is. indispensable to establish these 
distinctions, in order to appreciate at their true value the results to 
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which we are condacted 1>7 the graphic as well as the other methods 
which we may employ. 

The apparatuB on which the wings record their motions is the ordi- 
nary reglBtering apparatus, consisting of a metal cylinder covered with 
smoked paper, to which a uniform rate of motion is imi)arted by clock- 
work. Let as suppose that, instead of the motions of the wings, we 
would simply register the oscillations of a vibrating rod. For this pur- 
pose the extremity of the rod is famished with a little style which 
toucbea the blackened paper with its point, and, as the different parts 
of the movable cylinder pass successively before the point, the soot is 
detached from the places which it touches and a trace produced. If the 
rod is not in vibration, it makes a long white rectilinear trace withont 
sinnosities, a straight line which, rolled upon the cylinder, constitutes a 
circumference. If it is In vibratory motion, its trajectory will be a 
carved line, of which the sinuosities indicate all the circumstances of 
the motion, its phases of elevation, its depressions — in a word, all its 
movements — and consequently all the oscillations which the vibrating 
rod executefi' in space will be faithfully reproduced on the paper, u 
we would ascertain the frequency of the oscillations, it is sufficient to 
know the rate at which the cylinder revolves. Ordinarily a tuning-fork 
is employed, of which the number of vibrations is previously known, as, 
for example, one hundred vibrations per second. This is made to write 
its vibrations upon the registering cylinder below the line traced by the 
vibrating rod, of which the number of vibrations are desired. The 
comparison of the two tracings shows at once the number of the motions 
of the tuning fork back and forth, that is to say how many hundredths 
of a second correspond to one oscillation of the rod; the number of mo- 
tions of the vibrating body during a given -time is thas known wiUi 
great exactness. 

It is not, however, as easy to obtain the tradug firom the vmg of an 
insect as from a vibrating rod, and this for several reasons. In the first 
place it is very difficult to fix at the extremity of the wing a writing 
style : however light it may be, the rapidity of the motion to which it 
is submitted is sufficient in most cases to throw it ofT. If, however, 
after many trials and mnch precaution we are able to retain it in its 
place, a permanent cause of perturbation still exists from its very 
presence. Under the influence of this incumbrance the extent and fre- 
quency of the strokes of the wing are evidently diminished. It is easy 
to convince onrselvea of this by taking a Macroglossa and flsing it in the 
manner which we have previously described, that is, immovably between 
two strips of cork, by means of a pin. Looking down npon it we per- 
ceive the extreme limits traversed by the wing above and below which 
we have called the dead-points. If some substance is applied to the 
surface of the wiug, we see by the effect of this burden, iu diminishing 
the play of the organ, the two limits of oscillation approach one another, 
and the extreme upper position, which just now was almost vertical, in- 
cliues towards the horizontal. We may finally remark that it is only at 
the cost of considerable chafing against the surface of the moving 
oyliuder that we can obtain a complete tracing of the movement of the 
wing. The wing cannot touch the cylinder except during a very short 
instant of its stroke; that is, the instant when the wing reaches pre- 
cisely the distance fivm the body of the animal to the cylindrical sar- 
face. The spherical figure which the margin of the wing describes in 
space, cannot have more than one point in common with the blackened 
cylinder. We can therefore only obtain, as the whole impression, a 
series of points at more or less regular intervals ; and, if a ViOV^ pro- 
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longed coDtaot is deftired, it can only be by curving the ving and fold- 
ing it upon itself, and conaequently the natural curve which the or- 
gauisatiou of the insect obliges it to traverse will be falsified and 
altered. lu any case the friction against the blackened surface will re- 
tard the luotiou, and although the retardation which it causes may be 
neglected when it is opposed to bodies of large size, such as a tooing- 
fork or a vibrating rod, it cannot bo when the vibrating object is the 
delicate luembrane which constitutes the wing of an insect. Again, the 
fiiction, although exceedingly suiall, is found fully comparable with the 
forces which come in play in the motion of the wing, and its interven- 
tion notably alters tho action of the latter. Espenment has confirmed 
these views. In one case an insect executing the motions of flighty and 
rubbing its wings somewhat roughly against the paper, fnrnishea 240 
movements per second ; by diminishing more and more the contact of 
the wing with the cylinder, there have been obtained 282, 305, and 321. 
If, therefore, we would have a faithful representation, it is necessary to 
renounce the idea of obtaining those beautiful, regular, and continuous 
lines which are produced by the tuning-fork or vibrating rod, and content 
ourselves with interrupted lines, half-strokes represented by fragments, 
or even only isolated dots, the periodical return in these incomplete 
markings of definite forms permits ns to infer the repetition of similar 
oscillations, and hence to determine their frequency. The operation is as 
follows : With a delicate pair of forceps we hold the insect by the lower 
portion of its abdomen, in such a position that one of its wings at each 
movement shall lightly touch the blackened paper. Each of these touches 
takes off a portion of the soot which covers the paper, and, as the cyhn- 
der turns, new points incessantly present themselves to the contact of 
the wing. A figure is thus obtaiued, formed of a series of points or 
short strokes of perfect regularity if the insect has been maintained in 
a fixed position. 

Fig. 1. 



Sbowinc the frequency of the wlng-atrokes of a drone, (the three npper lines,) and 
of a bee, (the lower line.) The fourth line is prodnced by the Tibration of a tnninff- 
&>rk, famiahed with a style, which execntes 2&i double Tibrations per second. 



Tracing prodnoed by tho ningof a drone nibbing a little more strongly on the paper 
than in the prscediug flgnro. 

We have obtained a large number of these tracings in which the wing 
has only touched the surface of the registering cylinder, and has left 
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only a point as a mark in each of ita vibrations. I exhibit a nam'ber of 
these, and trust as soon as the retnm of spring iierniits as, to pro- 
care insects to show you the experitneuts by which these tracings have 
been prodnced. Those which yoa are now examining have enabled me 
to determine the frequency of the strokes of the wings of the following 
uisecta: 

BtnikM 

Common fly 330 

Humble-bee 240 

Honeybee 190 

Wasp 110 

Sphinx moth, (Macroglossa) 72 

Dragou fly, (LibnUula) 28 

Cabbage butterfly 9 

Certain authors have estimated this nnmber of vibrations by the 
acoustic method, but there is a notable discrepancy between the above 
flgares and those which they have deduced from the pitch of the sound 
that these insects produce in flying. In the case of the common fly, T. 
Lacordaire has computed tiie number of the vibrations of its wings at 
600 per second, that is to say, twice as many as our figures exhibit. 
Has ttiere not been a misunderstanding here, as is frequently the case, 
in the nse of the woWl " vibration !" Some persons wrongly consider 
the raising and depressing of the wing as two vibrations, and reserve 
the term of "simple vibrations" for one or the other of these isolated 
motions. On the contrary, if we follow the usage most generally 
adopted, the two motions together, by which the body is again in ita 
original iiosition, should be considered as a single vibration. 

The previous observations which we have made on free flight, and 
on flight under restraint, somewhat cnrtail the range nhich wo are 
tempted toaecord to these nftmbcrs. The miimal, according as itdesires 
-to move with a greater or less rapidity, cau change at will not only the 
extent of its wiug-stroltes, bnt also, to a certain extent, their frequency. 
Fatigiie may exercise an analogous influence to that of the will; after very 
rapid motions, the exhausted animal diminishes the number of its strokes, 
which sometimes falls to a fourth or a fifth of its normal value. It con- 
tinues to relax them more and more until a period of repose and repara- 
tion ptTmits it to resume its usual flight; nevertheless the examination 
of these numbers suggests some general considi^rations. We have 
reason to think that each of the muscular contractions which determine 
the drawing down of the wind is the result of a single impulse, {Zuckun^ 
of the Germans,) although in man contraction is due to successive im- 
palsea which are merged in one another when they are produced more 
frequently than 30 times in a second. Among insects the limit of fnsion 
of impulses is infinitely more remote, and ends with leaving- the wing 
immovable in a sort of permanent tetanic contraction. It is easy to 
assure ourselves of this by means of living insects, or better, by means 
of the artiticial insect which I have constructed. When the impulses 
become too rapid, their extent diminishes; at this moment they no longer 
serve for the propulsion of the animal, whoM wings appear quite immov- 
able or merely agitated by a light tremor. Nevertheless, the number of 
mnscular waves which the fibers of insecbi will admit without inter- 
mingling, u number which in the fiy amounts to 300 per second, forms a 
physiological fact, very interesting to note. Among other animals the 
limit is not so remote ; among birds fusion is produced after 75 impulses; 
among mammals after 30, and among reptilia after only i. These dit- 
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erencna correspond, in virtne of the relations which I have long since 
explained to yon, to analogous diBTtrences in the rapidity witb which 
the elementary impulse traverses the muscular fiber of these different 
animals. The muscular fiber of the insect will then be characterized, 
physiologically, by the property which it possesses of furnishing a con- 
siderable nnniber of distinct impulses, as well as it is anatomically 
characterized by its relative size and its striation. 

The graphic process which enables us to judge of the fretiuency of 
the strokes, also permits us to show tlie perfect syticlironism of the play 
of the wings. For this purpose it is necessary to choose an insect 
of which the amplitude of the wing- vibrations is large, so that in their 
moment of greatest elevation they may nearly meet above the dorsal 
region of the animal. If the insect is placed near enough to the regis- 
teriog cylinder, the dorsal region turned toward the blackened snrface, 
it is clear that at the moment when the wings approscb each other they 
will leave their traces on the paper, thus describing a series of loops and 
curves, of which the perfect correspondence proves the synchronism of 
the motions from which they originate. 

Fig. 3. 



p lu ebort flight. Tha perfi:ot bjh- 

Furthermore, wo can convince ourselves that a sort of necessary con- 
nection exists between the motions of the two wings. If we throw an 
insect violently upon the ground, so that it is stunned and can no longer 
execute voluntary motions, we observe that, by ]>To<Iucing motions in 
one of the wings, the other follows, to a certain exl«nt, tbu movements 
inflicted on its fellow. If one of the wings of an insect is depressed, the 
other also bends down ; if one be raised the other elevates itself. Cer- 
tain species, especially the wasp, lend themselves very readily to this 
experiment. According to Cbabrier, the author of an extensive work 
ou the mechanism of the Sight of insects, synchronism cannot fail to 
exist. This author considers the depression of the wing as the only 
effective [wrtion of the stroke ; its elevation is a passive phenomenon due 
to the action of physical forces. In fact, after the depression each dor- 
sal arc of the thorax is deflected like a bent bow, and when the muscu- 
lar contraction ceases the bow springs back in virtue of its ebisticity, 
aud the wing is raised. Now, if the pressure did not act simultaneously 
on the two extremities of the bow it could not be fiexed a^ it is, aud the 
mechanism which we suppose would be impossible. The roality of this 
synchronism is, then, a strong proof in favor of this manner of under- 
standing the motion of the wing. 

Aft«r having determined, in a general manner, the frequency of the 
vibrations of the wiug, we seek to know the variation produced in the 
number of these vibrations by agents capable of infiueuciug the activity 
of the animal. In the first rank of such agents must be placed heat and 
cold. We know that warm, dry weather is essential to insects, esi>e- 
cially coleoptera, to enable them to fly well j sjiecial observation lias 
confirmed this fact. We are able to state that, within certain limits, the 
frequency of the strokes is augmented with an increase of the temiwra- 
tore, aud that they become slower under a gradual increase of cold. 

oogle 
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n. — Form op the motioms op the wtnos. 

After having etadied the freqnency of the vibrations of the vingR, 
it is necessary to stady their form. For the end which we desire to 
obtain — that is, to arrive at a theory of the flight of insects — the most 
important element to comprehend is that which we now proceed to in- 
vestigate^ namely : The form of the tnyectory which the wing describes 
in space instead of the rapidity with which this trajectory is described. 
In order to arrive at this deterraination we shall have recourse to two 
processes which will reciprocally correct each other — the optic method 
and the ordinary graphic method. 

Optic determination of the inovements of the tdng. — When a brilliant 
body moves with rapidity it leaves apon the retina a kind of luminous 
train which acquatnta us with the trajectory through which the body 
baa passed. Children sometimes amuse themselves in producing the 
most varied figures by braadishingiuthe air a stick having oue endoa 
fire. It is on this principle that the apparatus known in physics under 
the name of Wlteatston^a calidrophojie is founded. This is a rod, fast- 
ened npright on a heavy foot, to which complex vibrations may be given, 
and to the ends of which a brilliant metallic bead has been affixed. If 
the rod is pnt into vibration the brilliant bead describes in space lumin- 
oas figures which vary with the different combinations of the vibratory ^ 
motions. If a brilliant spangle can be attached to the extremity of the 
wing of an insect, this spangle, traversing without cessation the same 
points in space, leaves a continuous luminous figure, exempt from the 
imperifection which is caused by friction in the case of the graphic cyl- 
inder. The extremity of an Insect's wing can thus be rendered brilliant 
without mutilating it in any way ; it is snfBcient to place upon it a drop 
of varnish, to which a small piece of gold-leaf is applied. The varnish 
dries so rapidly that the insect cannot throw off this little reflector of 
light, and nothing more is necessary than to hold the animal in a fixed 
position to observe the play of light upon the small brilliant surface. 
Under these conditions the bee and the wasp furnish a well-marked 
" figure of eight." 

Tig.i. 



Aspect of a waap, the oxtremitry uf wboee primary wings baa been gilded. The '*"'n"^' 
liBupposed tobeplscedinaray ofliglit. ( (Kiolc 
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The fignrea of eight are more or leas widened or compressed according 
to circumstances. Sometimes the point of the wing seems to move 
almost in one plane. "In the dragon fly {lAbellula] a figure of eight is also 
observed, but much more elongated ; the loops are narrow and laterally 
compressed. With the MacrogloMa galium it sometimes seems as if the 
preceding form had disappeared, and is replaced by a sort of ellipse. 
However, in examining it closely it is soon perceived that this ellipse is 
Bunuonnted by a little loop, very slightly developed, relatively to the 
curve which supports it. It seems that one of the loops is enlarged at 
the expense of the other, but this last has not entirely disappears, and 
the vestige what remains testifies to the persistence of the figure of eight 
which is encountered-in most other cases, and wbidi may serve as the 
general type. 

Changet of the plane of the wing. — The Inminona figure which the gilded 
wing of an insect gives in its motions also shows that, daring the alter- 
nate motions of flight, the plane of the wing changes its position in 
relation to the axis of the body of the insect. During the period of 
elevation the upper face of the wing is directed backward, while it turns 
a little forward during its descent. In fact, if we gild a large extent of 
the upper face of the wing of a wasp, taking care that the gilding shall 
be limited to this face, it is seen that the insect, placed in a ray of 
light, gives the figure of eight with a very nneqaal intensity on the two 
sides of the image, as is seen in the preceding figure. It is evident that 
the canse of this phenomenon is found in a change of the plane of the 
wing, a change in consequence of which the angle of incidence of the 
solar rays, while favorable during the ascent of the wing, is unfavorable 
doling the descent. If the aminal is turned so that the luminous figure 
is observed inverselyTthe figure of eight presents, in an inverse position, 
the striking inequality of its two halves, catching the light in a portion 
which was just before without it, and losing it where it had previously 
shone. We further find, in the employment of the graphic method, 
new proofs of the changes of plane in the wings of insects dnriog flight. 
This change of plane is of great importance, for in this rests, as we 
shall see, the immediate cause of the propulsion of the body of the an- 
imal by tiie application of the motive force. 

Method of contact. — Does the extremity of the wing really describe 
this doable loop which we perceive, or is this form the result of an opti- 
cal illusion — a play of light t Though such an objection is hanlly 
probable, it is necessary to refute it. To assure myself more entirely 
of the reality of the^ displacement of the wing than the optic method 
rendered perceptible, I have introduced, while the wing was in' motion, 
the extremity of a little bodkin into the interior of the loops of the fig- 
ore of eight, and I have established that in the interior of these carves 
free spaces really exist, of a funnel shape, in which the bodkin pene- 
bated without encountering the wing, while if I attempted to touch 
the intersection where the lines cross the wing immediately struck 
against the bodkin, and flght was interrupted. Still greater precision 
can be broogbt to bear on the appreciation of these motions, and^ know- 
ing that the wing describes a double loop, it may also be known in what 
manner it transverses the branches. It is si^cient to bring near to 
the wing in motion a leaf of paper blackened on both sides; the wing, 
in pnisuing its course; strikes against one of the sides of the paper, and 
the trace which it leaves testifies to the manner in which the motion is 
accomplished. 

Qn^ie me^iod. — ^This method is not applicable to our problem with- 
oat important modifications. We have just seen that it is difficult to 
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obtiun tracings of any extent, because tbe wing cattnot remain long in 
contact with tlie blackened cylinder, which it leaves and approaches 
snccessiTely. Under these special conditions it'is necessary to have 
resource to an artifice, and since it is impossible to obtain a satisfactory 
trace at a single stroke, we shoald try to divide the difficulty and sepa- 
rate tbe operation into several periods. The prece^ng experiments sim- 
plify tbe interpretation of the tracings very mach, and we can recon- 
struct tbe figures which the optic method has indicated from the slender 
elements which they afford. I have considered in the complete course of 
tbe wing of an insect, such as is represented in Fig. 4, three distinct 
zones, of which I have obtained the tracings separately: an inferior 
zoae, corresponding to the lower portion of tbe ftgore of eignt, a median 
zone, and a superior zone corresponding to the middle and upper parts 
of this figure. Bringing together the tracings obtained in tbese three 
Eones I have been able to reconstmct the entire carve. In registering 
tiie tracings of the median zone, figures nmchresembling each other 
are obtained, presenting the two crossed lines shown in Fig. 5. 



The multiple tracings of the figure are formed by the fringed extrem- 
ity of the wing, which presents many small points. The upper porttoD 
is in tbe form of a loop, as well as the part which corresponds to tbe 
lower course of the wing, and these three parts successively obtained 
give, when united together, the complete representation of a Agure of 
eightj such as is obtained In acoustics in registering by Koenig's method 
the vibrations of a Wheatstone's octave rodj that is, a rod which vi- 
brates twice transversely for each longitudinal vibration. The slower 
motion of the cylinder produces the condensation of the end of tbo 
tracing. 

Fig. 6. 



Trace of » Whektatcme'g ootaT« rod. 

The experiments can also be varied by obtaining, not the tracing of 
the point of tbe wing, bnt that of the anterior border of this membrane, 
striking laterally against the cylinder. It is clear that in describing the 
upper loop, this edge will approach the cylind^, then deviating; in » 
similar manner it will describe the lower loop, so that in its compleCa 
coarse it will mb twice against the blackened suiface, and leave two 
white traces separated by an intervid. This is observed in Fig. 7. 
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niia flgora ahovB from the tracing of the mnff of a wasp the upper 
h)op fuid the whole extent of one of the tvaoches of the figure of eight. 
The median portion of this bran§h is only dotted on acconnt of the 
feeble friction of the ving. "Vn may, therefore, be permitted to ctm- 
dnde that if the trace of an insect^s wing could be obtained uitire at 
one operation, the same flgore would be presented which we have seen 
descnbed in space b^ the gilded spot on the wing of the wasp, namdy. 
a flgnre of eight, which our ingenioas acoustician, Eoenig, was the first 
to obtain with a ^iral' Wheatetone's rod, making two horizontal to one 
▼ertieal oscillation. 

It now appears to me sufficiently established that in the more ex- 
tended motions of flight the wings of insects describe a flgoie of eight 
in apaoe. Forthermore, that the luminous flgore which a speck of gold 
on. m wing presents in its motions has shown as that the periods of 
asoant and descent of the wing are accompanied by a change of plane 
" t organ. It is this fact which will shortly enable as to explain the 
n of flight in insects. 

m. — ^HxOHiinSlI OF THE FLIOHT OF IKBEOTB — HOW THBT PBOPBL 
THBHSIILTKS. 

^e preceding lessons have been devoted to the study of the frequency 
and the form of the strokes of the wings of insects. Yon have seen 
that Uie frequency varied in different species, and in passing from the 
bntterfly, for example, to the house fly, oi the gnat, the variations may be 
eraisiderable. The flight of the butterfly is slow, the strokes of its wings 
SDOOeed each other at considerable intervals, propelling it by bounds 
and jerks, and prodacing an irregular and capricioas flight. The gnat 
darts with rapidi^ straight at its object, emitting along its path a clear^ 
diarp, strident soond. Between these two extremes we find all inter- 
mediate stages. Furthermore, the same insect, under different condi- 
tions, varies the rapidity of its motions within extensive limits ; when 
free from all restraint its movements are rapid and precipitous, but 
when captured they are immediately relaxed, and although the f^ 
qoency of the movements of the wing varies, the form of the motion. 
does not change. It is in all cases the same, always a double loop, & 
flgore of eight. Whether this fignre be more or less apparent, whether 
its branches be more or less equal, matters little; it exists, and an 
attentive examinatioD does not fail to reveal it. 

Bdbre drawing from this fact the conclnsions which it warrants} beford 
extracting f^m it the solution of the problem with which we are occo- 
viei — tiiat is to say, the mechanism of flight — let us rapiiUy review the 
htafeory of tho question, and see how far previous authors have advanced 
la tto Kilation. Without going farther hack, we find in the work of 
tU a ebapter devoted to this subject, in which he considers the force 
li tbe l)ird or insect most employ to sustain or move Itself in spaee. 
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more than ten tbousand times grentertlianthewciglitof its body. WeetJll 
find tliis cxnggcnitiou in recent works. Tlie academician Navier, falls 
iuto an nualogons error, and after iiim M. Babiiiet accordd, in liis tuni, 
a [tower to tlie iuliabitants of tlie air fur superior to tJiat nitli vbicti 
tliey arc gifted by nature. However, by tUe side of these pjpors we find 
a great number of correct ideas, since coulirmed by observation. BorelU 
know tlint tbe princiiiul motion of tlie vrings was an elevation and depres- 
sion, executed in a vertical plaue, and bo asked himself liow it was i>03- 
sible tliiit tbis motion, wbitli, it seemed to biin, could only servo to ele- 
vate the animal or to depress it, sbonldnevertbolesscontriljuto b>onward 
motion, For this, it was necessary ^ab tbe verticftl force sbould be 
changed into a horizontal foroo. Eugiples of this transionnation are 
frequents Jf a wind blowing borizoiftnlly strikes against a flat board 
iuclined forward at an angle of, siiy, t'orty-Ilvo degrees with the liorizon, 
tlie action of the wind will tend to throw it backward and upward; or, 
if the board is moving forward with a momeotum, it will tend to elevate 
it We htiva here au illusiratioii of a woll-kiiAwn principlo of mechanics 
— the resolntion of a single force by an inclined plane into two forcos — 
which gives ill part an cx[>lanaliou of the flight of insects and of water 
hirds. But insects have four wings instead of two. Istlieofiiceof these 
four organs the same ; and if not, in what do they difi'erf Borelli does 
not treat of this question. It it discuaj;e<l, however, in a partiuolar 
case, by an anonymous author, wlio has left us an interesting inami' 
script on the habits of bees. This work, intended to complete and to 
correct the work of It^aumar, came from the Condamiue Libi-ary, and 
belongs to M. Harnot. The author has observed Ijees at the momeut 
when they hum at the mouth of the hive, trying to eater it and deposit 
their treasure. In ezamiuiiig the play of light on their trembling wings, 
ho thiuks that .he saw the, upper pair alone alternately raised and 
depressed, while the lower pair were animated only with a feeble hori- 
zoutat motion. Here the questiiou seems to Lave been abaudooed, 
although the interest with which it is now regarded is far from incou- 
Biderable. Beside the interest which it oQers from the purely soientiflo 
point of view, in the mechanism of a function as widely employed as 
aerial locomotion, still another interest is attached to this study. The 
insect and the bird realize one of the oldest and most unsuccessful aspi- 
ratiouB of the ambition of man. All space belongs to them ; they go out! 
come io tbe aeriiU ocean, while he is chained by his weight to the earth. 
Mau has sought by various methods to vsca[)e from this coaflaemeut. 
The knowledge of the processes by which nature attains the eud to 
which be aspires, would £)erhaps havesparedhim many fruitless attenipta 
and loss of much time and great waste of iuveutiou. lu 1823 a work 
appeared in which this question of aerial locomotion ia treated oxpro/ea$Oy 
and no longer in an incidental maaner. Tbe author, the Chevalier de 
Chabrier, studied the conditions of mobility of the wing, and arrived at 
the solution of au important question : how muscular action is traos- 
mitted to this movable organ. Is it directly, or by some iuterventiouT 
Tbe mascle, responds Chabrier, is not directly attached to the wing; it 
acts opou the arch of the back. When it contracts, the curvature of this 
arch is augmented; when it rclase^, the back returns to its original 
curve, like an iinbeut bow. In the motion of tbe wing, therefore, there 
is ouiy oue active period, the momeut of depression; the period of ele- 
Tation is passive. Elasticity, therefore, plays au important luirt in tbia 
fuuctiuD. Here, as in all mechanical organs, it absorbs aiid then givea 
out power; it regulates speed and produces contiuulty of motion. 
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Bat Chabrier was soon carried away by. an exaggeration similar to 
that of Borelli and of Navier, thongb in a contrary direction. Accord- 
ing to bim, an insect nee<led an insignificant force for its propulsion io 
space. Ko effort was necessary to snstain it in tbe atmosphere ; the ani- 
mal floated there bke an inflated balloon. In order to fly, it filled its 
multitude of respiratory canals with air, and this, becoming heated, raised 
the animal as it elevates a bot-air balloon. It is not necessary to say 
that this conception of an aerostatio insect is an error. Without doabt 
an insect, before attempting a flight, lays in a quantity of air by a sad- 
den respiration, bat this provision of air contributes only an insignifi- 
cant part toward the end which Chabrier assigned it 

The greater portion serves to prepare the organs of flight for the opera- 
tiou of their function. Jurine, of Geneva, in particular has shown that 
the nervares of the wing membranes are small tubes, which only acquire 
tbe rigidity and extension necessary to flight by inflation with air. We 
must refer to another contemporary, Btrauss Durckeim, to find the ele- 
ments of the theory to which my observations have conducted me. In 
his booh on the Theology of Nature, a vast chaos of ingenious ideas, in 
which some profound, among manypuerile,tbougbtaare to befound, there 
are many faets essential to the solution of our problem. Strauss 
Dnrcheim has conceived tbe ideal type of the insect-wing, the diagram- 
matic wing ; that is to eay, has reduced the organ to its essential parts. 
It consists of a rigid nervation or frame-work in front, a flexible web 
befaiod ; this is all the apparatus. An apparatas thns constituted pos- 
sesses tbe essential requisites forfligbt; otherwise constituted it will not 
serve this porpose, as is the case with the false- wing of tbe Phryganida, 
which has its principal nervation behind. It is enough that ench a 
Btractnre should be made to rise and fall successively; the forward 
border being ridged and tbe other flexible, it naturally disposes itself in 
ao inclined position, receiving the reaction of the air obliquely, and 
thus transforms a part of the vertical impulse into a borizontal force. 
The two p»ts of the wing above mentioned are both indispensable in 
the same degree their re8i)ective ofbces complement each other in pro- 
daciog a single result. Ingeuious experiments, due to M. Oirard, throw 
light upon these facta. Destroy the anterior nervation, without remov- 
ing the thin membrane, and the insect cannot fly ; destroy the flexibility 
of the membrane by coveriug it with gum^ and flight also becomes im- 
possible. Here we cannot nrge the objection that the superincumbeiit 
matter interferes by its weight like a burden which weighs down the 
animal ; for, following out the experiment, we see that as soon as the 
coating becomes dry, small fissures are produced, flexibiUty reappears, 
and with it the possibility of flight returns. These observations assist . 
OS in comprehending the part which the anterior portion of the wings 
of tbe Fhrtfganidte play ; which constitute the analogue of the stiff 
nervure, whUe the binder wings represent the flexible membrane. The 
two winga of an insect thus complement each other. 

J shall not further prolong this retrospect. I have limited it to the 
essential ideas entertained by our predecessors, and to those which will 
serve as in tbe future. The preceding experiments, joined to those 
which you have seen performed under your own eyes, seem to me to 
establish the following facts, namely; The motions executed by an 
insect during flight are limited to an elevati9u and a depression of tbe 
'niogs. It is true that other motions take place in the wings of insects. 
Tbey bt^ seen to move backward, and in repose to extend parallel to 
the axis of the body. We also see insects moring their wings backward 
wmI forward io preparation forflight. Bntthesemotionsarenotdirectly 
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coDDected with aerial locomotion. The dragoD-fly, {Libellula,) which pro- 
I>els itself so rapidly, exhibits none of these lateral moreoients ; its wings 
move exclusively in a vertical plane, as if they turned on a hinge. But 
we have seen, in the optic methoil, that the course of the wing in 
space can be followed by Riding its extremity, and placing it in a ray 
of sunlight. Now this arrangement furnishes us with a figure of eight, 
and we further know that during each complete vibration the wing 
changes its inclination twice. These movements are not controlled di- 
rectly by the muscles. Thoy are the mechanical effecta of the resistance 
of the air acting alternately on the upper and lower surfaces of the 
wing in its alternate movements. When the wing leaves the np^ter 
limit of its position, it inclines neither to one side nor to the other, its 
plane being parallel to the length of the animal. But when the impolse 
of the air is exercised, or as soon as the wing begins to be depressed, 
the rigid portion, the anterior nervation resists flexure, while the flex- 
ible membrane which follows it gives wayj drawn down by the nerva- 
tion which lowers it, elevated by the air which uplifts it, this membrane 
takes an intermediate position j it inclines about 45°, more or less, accord- 
ing tx> circumstances. The wing continues its downward motion thus 
inelioed toward the horizon. Thus the reaction of the air, which com- 
bines its eflect and acts perpendicularly upon the surface which it strikes, 
can be decomposed into two forces, a vertical and a horizontal force; one 
serving to elevate, and the second to propel the animal. After this 
first period the wing membrane will have arrived at the end of its 
course; the direction of ita motion is changed, its action is reversed. 
A moment of repose, infinitely short, separates thcSe two phases, during 
which the wing resumes its normal position parallel to the axis of the 
body. The nervnre draws it np again, the air resists as before, and 
. from this conflict results a position between the horizontal and the ver- 
tical — an inclination of 45°. This second period contributes as did the 
first, to locomotion. How remarkablel is the simplicity of apparatus b; 
which the desired end is attained I 

The horizontal force which is generated by the inclination of the plane 
of the wing is transmitted to the body of the animal and helps to push 
it forward. But b& the body of the insect does not instantaneonsly take 
up the motion which is imparted to it, a part of this force is expended 
in curving the nervnre of the wing which, at the same time that it is 
lowered, is pushed forward. Here is an artificial wing of large size con- 
structed in accordance with the type which we have descril^d ; an an- 
terior nervation represented by a stiff rod, with a membrane behind 
formed of paper pasted upon its edge. Try to strike down an object 
immediately before you, and you will not succeed. If you strike at an 
object-before you with a downward blow the wing will be resisted by the 
air, and it will deviate greatly irom the point at which you are aim- 
ing. From this deviating motion of the wiag from the change of plane 
which it effects, the looped figure which it describes evidently results. 
It is tlie combination of these motions which generates, the figure of 
eight previously described. We can now safely say that the two exper- 
imental facts are now interpreted by our theory. 

A very slight difference has been observed between the two sides of 
the wing in certain insects; the lower surface is less polished than the 
upper; it isfurnished with rugosities, hairs, orpoints, which, according to 
Chabrierj give more hold on the air and reduce the loss of force by slid- 
ing. This disposition may contribute to insure the predominance of the 
useful effect of the lowering over the elevating motion, rurthenuore, 
this predominance of the depressing action of the wing does not oxlst 
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in an insects. These find that force as well in the period of elevation of 
the wing as in the [>eriod of its depression, tnrning almost horizontally 
the plane in which their wijigs move. The numerous varieties which 
the mechanism of flight presents among the species of, insects which we 
have observed will be studied later; they do not conflict with the fuuda- 
mental principles which I have just anuonnced. 

The mechanical conditions which we have just passed in review I have 
realized in a theoretical apparatus, from which I have obtained the same 
resnlts as afifonled by living insects. This aitifloial insect is represented 
by Fig. 8. 
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All air-pump, moved by a rotary apparatus, alternately compi»3ses 
and relaxes the air in a tube which traverser the central pivot of the 
apparatus, where a sort of mercurinl gasometer hermetically seals it 
wbile {lermitting the free rotation of the arms. Tfae horizontal branch 
is hollow, and conducts the air into the apparatus, which is closed by a 
hollow metallic drnm, of which the two circular faces are closed by two 
sheets of rubber. By the play of the air-pump these two sheets are , 
indated or contracted both together. They communicate the rapid mo- 
tions of elevation or depression to the wings by two, angular levers. 
The wings, presenting, like those of an insect, conditions of unequal 
flexibility, decompose the resistance of the air, and impart to the appara- 
tus a rapid rotary motion around the central pivot. 

Imagine two artificial wings, as nearly alike as possible, both inserted 
on one of these little drums, which I have frequently desAibed. ■ They 
receive through this drum absolutely synchronous motions of eleva- 
tion and depression. This apparatus is fixed at the extremity of an ann 
balanced by a counterpoise, and turning upon a pivot. This arm ia 
bollow, furnishing a canal by which the efTect of inflation can be trans- 
mitted to the movable drum of the wings. We may consider the drum 
as representing the body of the insect, and nothing prevents ns from 
really giving it the shape of this animal. The rigid nervures, fuinished 
with flexible membranes disposed to the right and left, will be the two 
wings, and the animal, instead of being free, wiU be fixed at the extrem- 
ity of a movable rod ; there is, therefore, only a single motion possible, 
which is that of turning around the pivot, carrying the attached rod with 
it. In effect, if I put the air-pump in motion, the artificial insect moves, 
flaps its wings, and really flies. At each stroke there is a change of 
plane of the alar membrane; at each stroke the point of the wing de- 
scribes a figure of eight; and in a general way this theoretical animal, 
this artificial insect, reproduces aJl Uie particulars which the observation 
of real insects has revealed to us. 

This apparatus affords many other advantages besides those of veri- 
fpug theoretic ideas. It enables us te make new experiments, to which 
living beings will not lend themselves. We can change. oue of the coa- 
ditions, for example the form of the wings, their extent or the rapidity 
of the stroke, or any other of the circumstances, while all the others 
remain constant; we may thus discover the influence which each of them 
singly may have on the mechanism of flight. It is by such experimeuta 
that we can assure ourselves of the following fact. In the course tra- 
. versed by the wing there is only one region usefUl ia the propulsion 
of the insect; tliat ia the median region. In the two extreme portions 
the wing has not experienced that change of plane which renders its 
action effective. Thus we see if we diminish the extent of the motions 
of the wing, the tractUe power produced by the apparatus diminishes 
considerably, and finally ceases altogether. If the membrane of the 
wing is too broad, another phenomenon resulte. The hinder edge of the 
wing remains almost immovable in space, especially during motions of 
small amplitude ; the nervure only is animated with rapid motion. Tbo 
air, therefore, is struck by planes inclined inversely to those which act 
upon it in normal flight, so that the apparatus retrogrades and turos 
around its pivot in a direction contrary to its usual motion. 

Experimental flight also shows the adaptation of certain forms of 
wings to obtuiu the most rapid translation of motive force. These are 
precisely the forms which we find in nature. The nervure of insects 
does not carry the wing membrane back to its j^wint of insertion. Those 
parts neaif the articulation have little vitaUty; they contribute very little 
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toward a neefnl result', embarrassiug the neighboring parts, ifithont com- 
pensatioD of any kind. The membrane shoald not exiat except when 
vitality itself exista in a corresponding degree. Finally, the extent which 
the alar membrane should have, to best utilize the disposable force, can 
be determined experimentally. M. de Lucy has compared, in the case 
of a certain namt>et of animals, the surfaces of the wings to the total 
Tveigbt of the body. He finds an extent of 30 sqnare millimeters in a 
gnat weighing 3 milligrams; 1,663 square millimeters in a batterlly 
weighing twenty centigrams; 750 square centimeters in a pigeon weigh- 
ing 290 grams ; 4,606 square centimeters in a stork weighing 2,365 grams; 
8,643 square centimeters in an Australian crane, weighing 0,500 grama. 
Bat to fiieilitate the comparison it is necessary to reduce these figures 
to a common measure ; and, in spite of the barbarous phrases to which 
tbey lead ns, we obtain : 

The kilogram of the gnat represents 10. 

The kilogram of the butterfly represents 8. 

The kilogram of the pigeon represents 2. 580 

The kilogram of the stork represents 1. 988 

The kilogram of the Australian crane represents 0. 899 

The extent of the wings, therefore, is not proportionate to the size 
of the animal. A wing being given, a maximum rapidity of stroke cor- 
responds to it. To augment the rapidity of the stroke, in hope of indef- 
initely accelerating the rate of flight, would be illusorj' ; it is possible 
to a^-celerate it up to a certain point, but beyond this maximum limit 
additions become useless. Increasing progressively the action of the 
air-pump, the strokes of the wings are more rapid, and at first the rapidity 
of flight will t>e augmented. Continue the increase, and the rate of flight 
diminishes. The amplitude of the motion also experiences a consider- 
able reduction, so that at the limit the wings appear motionless, or 
animated only by a alight qnivering. Passing this extreme limit, the 
apparatus retrogrades. A given wing then corresponds to a flxed rat« of 
progressive strokes; for, by the efll'ect of inertia, the frequency of the 
strokes is increased only at the expense of their extent, and, when the 
extent diminished, the propelling force diminishes with it. I leave to 
yourselves the task of explaining these facts, which are the simple con- 
sequences of the principles I have previously explained. I also leave to 
yon the comparison of the mode of progression of insects nith the other 
modes which are seen in other animals or in various mechanical contriv- 
ances. You will discover almost everywhere the mechanism of the 
revolution of forces on the principle of the inclined plane. You wUl find 
it in the motion of the tail of a fish, the principal organ of its locomo- 
tion ; in the sculling motion of a waterman's oar, and even in the screw 
of a Bt«am propeller, 

rv. Flight of bibdb. 

By the simple inspection of a bird's wing it is easily seen that its 
mechanism for flight is not the same aa that of an insect. Let the 
manner in which the feathers of birds are laid, one over another, be 
observed, and it will t>e evident that the air resists the motion of the 
wing only from below, so that in an inverse direction it finds an easy 
passage between the long beards of the feathers, which, in this motion, 
are no longer pressed together. This well-known arraogemeut, the 
effect of which Prechlt* has clearly pointed out, has led to tbe belief 
'UctcTsachaDgonilberdeuI'lug der Vogel. Sro. Tienna, t^i^-,^-,^-!!,' 
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that to sustain the bird against gravitation the wing Deeds only to 
oscillate in a vertical plane, in consequence of the predominance of the 
resistance of the air acting from below over that acting conversely. 

Before discussing the value of this hypothesis, it is necessary to 
ascertain whether the wing of a binl really oscillates only in a vertical 
plane. We thus find presented to us, as at the beginning of our studies 
on the digbt-of insects, questions which experiment alone can answer. 
The itroblem nevertheless presents itself here nnder definite conditions. 
From its much larger body than that of the insect, and from our better 
knowledge of its anatomical conformation, the bird offers to ns the 
means of study and experiment of another description. I shall esliibit, 
as far as possible, the nature of the muscular force of the bird, and the 
iudnence which the particular arrangement of its muscles and the form 
of its wings exerts upon flight The methods of myography renders 
the analysis of the different forms of motion produced by wings so easy 
that it has been of great assistance in these researches- 
Comparative anatomy exhibits the analogue of the anterior limbs of 
mammals in the bird's wing, deduced to its skeletx)u the wing presents, 
like the human arm, the humerus, the two bones of the fore-arm, and a 
rudimentary hand in which the metacarpals and phalanges ai'e to be 
found. The muscles also offer nnmeroua analogies with those of the 
anterior limbs of man. Among others, some have such an analog}' of 
aspect and function that they can be designated by the same names. 
In short, in the case of birds, the muscles which attain the greatest 
development are those which act in extending or flexing the hand oa 
the fore-arm, the fore-ann on the humerus, and, finally, of moving the 
humerus, that is to say, the whole arm upon the articulation of the 
shoulder. 

Among most birds, especially of the large kinds, the wing appears to 
remain i^ways extended during flight. So that the extensor muscles of 
the different parts of the wing serve to give that organ the posture 
necessary for flight, and to maintain it in that position, while the motive 
work is executed by other and much stronger muscles than the pre- 
ceding, viz, the pectorals. All the anterior i>ortion of the thorax of 
birds is occupied by powerful masses of muscle, and above all by a great 
muscle whichj from its being attached to tho sternnm, the sides, and 
the humerus, is evidently the analogue of the great pectoral muscle of 
man and other mammalia. Its office is clearly to draw down tho win? 
quickly and strongly, and to take sufficient hold on the air to sustain as 
well aa to move the whole body of tho bird. The middle pectoral is 
found below the great pectoral ; without an analogue in other kinds of 
animals, this muscle serves to raise up the wing. Lastly, the small 
pectoriil passes externally from the sternum to the humerus j it is an 
accessory of the great pectoral. If is well known that the strength of a 
muscle is in proportion to its volume, and as the pectoral muscles of a 
bird are about one-sixth of its total weight, wo readily comprehend 
that it is upon these powerful organs that the principal duty in the act 
of flight devolves. Borelli endeavored to deduce from the volume of 
these muscles the force which the bird employs in flying, and concladed 
that this equals 10,000 times the weight of the body. 1 will not stopto 
refute the error of Borelli, which so many others have called in ques- 
tion, while they endeavored to substitute for the figures of the Itolioa 
physiologist estimates which will scarcely be more easy to prove. 
The great discrepancy which exists between the different estimates of the 
muscular power of birds shows that the attempts at measurement were 
premature. If we would make a true estimate to-day of the power 
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exerted by birds during fligbt, it would be necessary io tbe first place 
to demand trom pliyaiological experimentation all tbe facts of the prob- 
lem. The estimate in question presupposes an acqaaiutauce with the 
motions of the wings, with their form, their extent, and their rapidity 
at ea^h instant; it also supposes a knowledge of the extent of tbe 
surface of the wings, their curve, and the angle at which they strike 
the air. This problem, theo, will perhaps be the last which we can 
hope to solve; but we can study at present, from other points of view, 
tlie strength of the muscles of the bird, and estimate some of tbe chai- 
acteristics with which it is manifested. 

A measere of the maximum effort which the muscles of birds can de- 
velop can already be obtained experimentally. This measure may indeed 
fail to correspond with the efforts developed inflight, but it may prevent 
ns from foiling into the exaggeration which would attribute to the mus- 
cles of the bird a force superior to the maximum effort of which they 
are capable. 

Of *fio static force of the muscles of birds. — In physiology the static force 
developed by a muscle is measured by seeking the musimum weiglit 
which this muscle can raise. This determination has been made by 
Weber,* on the muscles of the frog; by Henke and Knortz,t and since 
by Koster,^ on the muscles of man. The maximum weight in these ex- 
periments was about one kilogram per square centimeter of muscular 
section, according to Weber ; of five to Henke and Knortz ; of seven, ac^ 
cording to Koster. If the estimates of Borelli, and even those of Navier, 
were correct, we ought to find in the muscles of birds a much more 
couaiderable static force. On the contrary, it does not appear to mo 
that this force surpasses that of the muscled of the mammalia, I have 
already shown that the weight of one kilogram, placed on the wing of 
a pigeon at the articulation of the arm with the fore-arm, cannot be 
raised by the voluntary efforts of the animal; also, in certain esperi- 
menta in which we hold a bird immovable, an excellent means of testing 
tbe weight consists in pnttingthe bird on its back, the wiugs extended, 
and attaching to each wing a bag containing a kilogram of shot. 

I wished, however, to have a more precise measure of the strength of 
the pectoral muscles. For this purpose a hoodwinked harrier was 
placed on its back in the position just described. The application of the 
hood plunges these animals into a sort of trance, during which all sorts 
of operations can be performed on them without their betraying any 
ODpleasant sensation, except by reBex movements. I denuded the great 
pectoral and the humeral region, tied the artery, and disarticulated the 
first joint, removing the remainder of the wing. I then fixed a cord to 
the extremity of the humerus, and at the end of this cord the basin of 
a balance, into which shot was x>oured. The body of the bird being 
perfectly motionless I excited the muscle by inducing interrupted cur- 
rents of electricity, and while artificial tetanus was produced, an assist- 
ant added more shot, until the force of contraction of the muscle was sur- 
mounted. At this moment the weight supported was 2 kilograms, 380 
grams. Kow, the arm of tbe lover at the end of which this weight had 
been placed was of the same length as the humerus, that is, about 9 cen- 
timeters, the measurement being the length between the attachment of 
the cord and the center of motion of the humeral articulation. The arm 
to which tbe power is applied is evidently much shorter, and is more 
ditBcalt to measure. In the first place, tbe attachment of the great 
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pectoral muscle extends aboat 3 ceDtimet«r8 in its longest direction. I( 
we snpposed the mascalar force applied to the middle of this line oi 
attachment, the leverage of the power vonid be about 17 millimeters. 
The weight lifted and the muscular exertion, both multiplied by their 
respective leverage, are equivalent to each other. It follows that the 
real value of the power of the bird is ^,' -; which gives 12^.600 for 
the entire force of the great pectoral muscle. Dividing this number by 
9 • •>, 7, which represents the surface of the section of the muscle, we 
obtain for each bundle of muscle of the bird, having one square centi- 
meter of sectional surface, a power of 1,298 grams. 

The small result which I have obtained may be affected with certain 
causes of error. In the first place, I had not cut tlie tendon of the 
middle pectorid muscle which elevates the wing. It may therefore be 
objected that, as the electric currents have rsuliated throngbont the 
deeper regions of the thoracic muscles, and have excit«d the elevator 
muscle of the wing of which the a«tiou is antagonistic to that of the 
great pectoral, that is to say, acting in the same direction as the weight, 
has sensibly diminished the force necessary to neutralize the power of 
the former muscle. It may also be said that the electric agent cannot 
produce as powerful an effort in the muscle as that evoked by the will. 
Admitting that these objections are all well founded, let us double, or 
even quadruple the force which I have assigned to the muscle, and still 
we shall not equal the result that Koster attributes to the specific force 
of the muscle of man. Thus, in spite of the want of precision in the 
experiments which I have made, 1 believe the proofs can be found in 
them that there does not exist in the muscles of birds a notably greater 
power than that found in those of other animals. 

One of the most striking peculiarities of the action of the muscles of 
birds is the extreme rapidity with which in them is evolved lorce. Of the 
different kinds of animals of which I have determined the character of 
their muscular action, the birds have exhibited the most rapid move- 
ments. The curve of motion which a muscle produces can bo registered 
by myography, and thus the duration of its contraction and relaxation 
can be estimated. If we make use of electricity or any instantaneous 
motor, on the nen'e of a muscle, or on the muscle itself, a motion is 
evoked of which the duration varies according to the species of animal 
experimented upon. This motion, which I have called the mwcular 
shock, to distinguish it from the prolonged contraction which takes place 
under other cii'cumstaiict^s, lasts in the muscles of the tortoise a second 
or more ^ in man it lasts at least six or eight hundredths of a second, 
and in birds it endures about four-hundredths of a second. This rapidity 
is an indispensable condition of flight. In fact, the descending wing 
can only obtain sufficient hold on the air by moving with great speed. 
The resistance of the air to a plane surface pressing upon it sensibly 
increases as the square of the velocity with which the plane descends. 
To have powerful mnscles would be of no use to the bird if they acted 
slowly ; their force would be wasted for want of resistance, and no 
results would be produced. It is otlierwise with terrestrial animals 
which run or gallop over the ground; they definitely utilize their mus- 
cular force in work by reason of the great resistance which they en- 
counter. Rapid motion is necessary even to flslios ; the water in which 
they exist resists in proportion to the rapidity with which it is struck by 
the tail and tins. If the muscular action is quick in the case of fishes, 
it must be much quicker in that of birds, which move iu a much more 
rarefied medium. To explain the production of such rapid motion as 
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that exliibitcd io tlie motion of birds, it mast l>e admitted that tbe 
chemical action which takes place iu the snbstance of the mnecle, and 
which generates heat and motion as in a machine, is produced more 
rapidly in the tnusclea of birds than in those of any other class of 
(uiimals. I mast be permitted here to insist on the consideration of the 
molecnlai phenomena of which the moscles are the seat, since we shall 
thus obtain more tight upon our subject. Extending to organized beings 
the principle of the conservation of foixws as well aa the identity.of 
power and heat, modem physiologists admit that a combustion takes 
place in the muscles is in the furuace of steam-engines. This combos- 
tioQ or chemical reaction liberates tbe forces which the separate atoms 
CM>ntain, and renders them evident under two forms, heat and mechanical 
energy, which are in one sense tbe complements of each other. When- 
ever a muscle contracts without raising a weight or otherwise expending 
power, it becomes sensibly heated. If it raises a weight, or otherwise 
expends power, it exhibits less heat, and this loss of heat, if it could be 
measured, would correspond to the mechanical equivalent of the work it 
has performed. It is true that we cannot estimate exactly the heat that 
a living mnscle disengages during contraction, for the circulation of the 
blood carries off to different parts of the body more or less of the heat 
generated. All the experiments of Bf^clard, Heidenhain, Hien, and 
others, tend to prove that the production of heat diminishes in propor- 
tion to the increase of power expended in work. Tliis is enough to 
authorize the application of the principle of the conservation of forces to 
physiology, a principle, moreover, thoroughly justified by human reason. 
Two methods may be adopted in explaining the production of power 
from the chemical action which takes place in the muscles. Either the 
chemical action which we have called combustion liberates force sim- 
ultajieonsly in the two forms of beat and power, or, as in the steam- 
engine, heat is first produced to be afterward partially converted into , 
power. Certain facts render this last hypothesis extremely probable. 
We can detect, in some cases, in a muscle, the transformation of heat 
into power. The phenomena are manifested in the following manner : 
When the muscle of a frog is detached and movements are excited iu it 
by electricity, submitting it, meanwhile, to a gradual increase of tem- 
perature, it is seen that the amplitude of the movements produced 
decrease up to a certain poiut,"and that an instant arrives when the 
muBclewill not react at all. This loss of muscular imtability is produced 
at about 33° Centigrade. If the mnscle is gradually cooled it is seen to 
resume its irritability. What has taken placef If tbe motions of the 
gradually heated muscle be carefully registered side by side with a 
naoiber of shocks, it is seen that the decrease of their amplitude is duo 
to the fact that the muscle when heated does not return to its normal 
length after contraction. The minima of the curves are gradually in- 
creased, showing that tbe weight lifted by each shock does not descend 
again completely. The power exhibited during the contraction of the 
muscle is not entirely expended by the time the incomplete relaxation 
follows, and a certain amount of reserved power remains, of which the 
cause seems to be the permeation of the mnscle by heat. And when the 
muscle, heated above 33^, becomes inert, it is because it has obtaiTied 
through the action of heat all the contraction of which it is susceptible, 
that is, it has expended all the power of which it is capable. Figure 9 
shows tbe different phases of this phenomenon. 

While the muscle is cooling a contrary result is produced, namely, 
tbe subtraction of an amount of beat equivalent to an amount of power 
expended, that is to say, a relaxation of the muscle and a descent of the 
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weight irhich it had rateed. ladia-rnbber posaesaes properties vefy 
analogous to those of mnBcnliu: tissue, in regard to the transfomtatiou 
of heat into power. Take a strip or cord of uon- vulcanized rubber aud 
attach t« it » weight. It stretches, a negative power is developed, and 

Kg. 9. 



BbowlDg Ute effect of heat on maicolarcoDtraclioD. (Thefienre Bhonld be T«ad fann 

right to left.) Tbe first trace caused by the Bhock is quite nigh. The second ia not 
BO high, bnt this is partly due to the poiat troJO nhich the tntcmg starts, being mora 
elevated, oe ^ell aa the horizontal lino from wbi^h the mark of tbe abock ext«iida. 
Tbia elevation of tbe point of departure proves that tbe muscle -was in b state of oon- 
traction trom tbe inflaence of beat. Tbe same effeet is more and more evident up to (he 
fifth tracing, when tbe muscle ia cooled, and in its retom to its original lengtli thA 
tmciDgB of tlte shocks r^raim tlieir normal size. 

conformably to the mechaoical theory of heat you can perceive a Dotable 
increase of temperature in the rubber. Conversely, submit tbe rubber 
to an increase of temperature, and it will be seen to contract and lilt the 
weight. Bnt under these conditions the amount of power protlnced by 
the rubber is very small. It may, however, be rendered greater. About 
two years ago, Dr. XUinvier gave me an account of the following experi- 
ment : He stretched a piece of rubber until it was fifteen or twenty 
times aa long as before, and thus produced in it a passive state, in 
which it remained elongated even when traction was no longer exerted 
upon it. While in this state, if the rubber was touched with a waroi 
body, it became considerably thickened at the point of coutact by the 
contniction of the part, and returned to its original length and thick* 
ness. Placed in the hollow of the hand the passive thread twisted like 
a worm, and resumed its normal length and size in a few moments. 
Part of the phenomena exhibited in the experiment of Dr. Banvier was 
readily explained. The heat applied to tiie rubber was transformed 
into power by it ; but what was the passive state into which the rubber 
had been brought before the eflfect above described could have beea 
produced 1 In repeating the experiment and considering the facts more 
attentively, I soon perceived that the duration of the traction to whicli 
percha was submitted played an important part in the production of the 
passive state. If I stretched the thread to twenty times its original 
length and instantly relaxed it, it readily returned to its original 
condition ; but if the contraction was prolonged thirty seconds, a minnte, 
or longer, the thread left to itself contracted only partially. It became 
partly passive, and much more completely so when the traction was 

"■■ e traction ca 
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be ratioDaUT explained, if we recollect that the robber becomes heated 
when stretclied. We may then uaturally snppose that the heat which 
appears upon its surface will disappear by degrees if the traction be 
■ prolonged ; and' if heat is necessary for the contraction of the robber to 
its original dimensions, it wili not contract entirely if a proportion of 
the heat disengaged in stretching lias been dissipated. If this theory 
be correct, it will be eas^ to rapidly produce a passive condition of the 
rnbber by qalcl^ly depriving it of its sensible heat. This is precisely 
vhat takes place. Stretch a thread of rabber, and plnnge it into cold 
water, and it can instantly bo taken out in a passive condition, frozen, 
BO to epeak, in a stat« of elongation. Heat it, and it retnms to its 
original dimensions with the development of power. I hardly doubt 
that the physicist can obtain in the power thns developed the exact 
equivalent of the heat absorbed. 

We have strayed away from our subject, but we shall return to it with 
enlarged ideas which will enable ns to analyze more completely the ac- 
tion of the muscles. In fact, we have in the employment of the percba 
a sort of schema of the muscle. Kow you are aware of what assistance 
can be derived firom theoretical apparatus in the study of certain phe- 
nomena which are presented with too much complexity, in the case 
of living beings, to be understood readily. The rubber will assist us 
to comprehend the manner in which the work of the muscles is per- 
formed in animals in general, and especially in the birds with which we 
are now occapied. Take two cylinders of rubber of the same dimen- 
sions and weight, stretch them to ten times their original length, and 
cool them in that condition. If we restore to these two cylindrical 
threads the amount of heat which they had lost, both in contracting 
will perform the same amount of work in a similar manner; that is, 
both will lift the same weight to the same height. N^ext, taking two 
cylinders of the same weight,- but of nneqnal diameter, one, let ua snp- 
pose, being ten times as thick but only one-tenth as long as the other; 
stretch each ten times its normal length and cool it; both wilt still be 
able to do the same amount of work, but no longer in the same manner. 
The short, thick cylinder, for instance, will raise a weight of 100 grams 
a distance of one centimeter. The long, thin cylinder will not support 
so great a weight at all, but if loaded with a weight of 10 grams will 
T^se it a distance of 10 centimeters. The measure of a mechanical 
power is obtained by multiplying the weight raised by the height 
throngh which it is raised. This product being the same in the two 
cases, the same amount of power, therefore, has been expended, but not 
Id the same way. So, in the cylinders of rubber which have been 
stretched in proportion to their length, and from which the same amount 
of heat has been withdrawn, the amount of power produced by the res- 
titution of this heat will be proportioned to the weight of the rnbber ; 
the weight lifted to the diameter of the rubber, and the height to which 
the weight will be lifted, to the length of the rubber. All that we know 
of the function of mnscle tends to prove that the i>ower exhibited 
by it is governed by the same laws. Thus, the amonnt of contraction 
of muscles depends on the length of their fibers, white the masimnm 
I>ower which they are capable of exerting is proportional to the diame- 
ter of the bundle of muscular fibers. Por example, in the case of hu- 
man muscles, the short, thick deltoid muscle is capable of but little 
contraction, but exerts great force : the long, thin muscles of the fore- 
arm^ on the contrary, cannot develop the same power, but by their os- 
seoDii attachments uie extent of their contraction is much greater. If 
-we suppose these two muscles to be of the same weight, they can do an 
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eqnal amount of work, bat in the different ways which pertain to the 
difference in their stractaral condition. 

If we study the form of the great pectoral tnascle, or that whcib pro- 
duces the downward stroke ot the wing in different species of birds, we 
shall see that this muscle presents much variation in form. In some 
cases it is long and narrow, in others short and thick. We shall see 
that this anatomical difference corresponds to important differences in 
the character of fligbt. It is enough to observe the flight of a duck and 
of a marsh harrier to be struck with the great difference in the move- 
ments of the wings of these two birds. The duck elevates and depresses 
its wings very mncli, describing with each of them an arc of more than 
90°. The extent of these movements in the harrier, on the contrary, is 
very small ; when it is observed in profile the point of wing is hardly 
seen to pass below the shadow of its body. This diflerenee in the type 
of flight has strnck some observers with snch force that they have d ivlded 
the birds into rowers and gaiiors. The first are those which strike the air 
with their wings in flying as a boatman strikes the wat«r with his oar ; 
the second class exposing the surfaces of their wings to the wind like the 
salts of a ship, fly in a sort of passive condition, utilizing the currents of 
the air in sustaining and directing themselves. We shall see hereafter 
that there is a reality in this 

distinction; at present we ^" ^^■ 

shall only accept the incon- 
testable fact that certain 
species of birds impart a 
great amplitude to the 
movements of their wings, 
while others move them 
only through a very small 
extent. 

I have dissected a wild 
duck and a harrier to show 
you the form of the pecto- 
ral muscles. In the duck 
the great pectoral is quite 
long, while in the harrier it 
is very short, but the trans- 
verse section of the muscle 
of the harrier is muchlarger 
tbanthatof theduck. If we 
consider only the relative 
length of the pectoral mus- 
cles we see that it varies, 
as it should do according 
to the theory j that is, it is 

^««n.^i;t^...i^!.p»i.»...»H».. Skeleton of the wingandstemnm of oftigate-bird. 
the amplitude of the motion tlb eirtreme brevity^ tiie Btetimm is seSi In pro- 
whichtbe bird executes in portioa to the great length of the wiDg. 
flying. 

But to what does this unequal development in the thickness of the 
pectorals «^rrespondt It would appear to correspond to a greater 
muscular exertion in the harrier than in the duck. How can this exer< 
tion be demonstrated T If we compare the birds which have short and 
thick pectorals with those which have long and thin ones, we see tbai> 
the surface of the wings is very large in the former, while it ia very 
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small Id the latter. We know that the resistance of the air agaiost a 
surface acting with a certain rapidity is in proportion to the extent of 
P, jj_ that surface; other things being 

tlie same, a greater exertion is re- 
quired to move a large wing than 
one of less superficial extent. 
Everything goes to show, then, 
that the uiflerence in the form 
of the pectoral muscles indiffer- 
ent birds accords with the differ- 
ences presented in the manner 
in which they jierform their re- 
spective work. Two birds of the 
same weight perform the same 
labor in flying, and apparently 
should have muscles of the same 
weight; but if themuscular masses 
present the differences in form 
which we have indicated, we see 
that the work is done in different 
ways. The birds with small 
wings increase the small resist- 
ance which these offer to the air 
by moving them through a large 
extent of space, wliile those with 
large wings equalize the regist- 
ance by traversing a shorter dis- 
tance with them. 

Bat, it, may be said, nature 
might have attained these differ- 
ent methods of Sight by giving 
muscles of uniform organization 
to all birds. It would have been 
sufBcient to have given different 
positions to 'the point of attach- 
ment of the great i)ectoral to the 
humerus, or, in other words, to 
vary the length of the arm of the 
leverin proportion to that of the 
resistance. Comparative anat- 
omy shows that this is not the 
case. Itt birds, the great pecto- 
ral is always attached plose to 
the articnlation of the shoulder. 
The absolute distance which sep- 
arates this attachment from the 
center of motion of the humerus, 
seems to varj' only in accordance 
with the form of the bink and 
not according to the relatively 
greater or less extent of t)ie 
: wings. This lafit depends princi- 
: pally upon the length of the fore- 
- arm and its appendages. It ia 
Skeleton of a flamingo, (after Uilne Ed- ?ot neces^ry to dissect many 
varda.) The wing ia very Uirgo, and theBter- birds of different kinds tO prove 

nom very abort. the constancy of the law which I 
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have Bought to eatabUsh with regard to the relations of the alar surface 
with the length of the great pectora mascle. 

The inspection of the skeleton famiBhes the principal elementB of this 
verification. Passing through that part of the zoological collection iu 
the uins<;um which is devoted to the exhibition of the Bkeletons of birds, 
you will come away convinced of the relation between the extent of the 
wing and theleogth of the great pectoral muscle, as shown in thelencrth 
of the sternum. You see by Figs. 10, 11, and 12, how OBteology fornixes 
the necessary proofs of this statement. 

In birds the de- Fig. 12. 

velopment of the 
bones of the wing 
gives ns a suffi- 
ciently correct idea 
of the extent of sur- 
face presented by 
these organs when 
covered with feath- 
ers. Compare the 
prodigious length of 
the fore-arms in the 
albatross with those 
of the duck, guille- 
mot, or diver ; the 
proportion of the 
bones will give at 
the first glance the 
superiority in re- 
gard to flight of the 
albatross in the 
greater extent of its 
wings. Comparing 
the sternum of dif- 
ferent birds you will 
find it large, but 
very short, iu the '■ 
albatross. On the : 
contrary, in the 
duck, the diver, aud 
the guillemot, the ' 
st«mum, though narrower, is comparatively very long. The lateral 
channels, which lie on each side of its keel, represent, in one sense, 
a hollow mold of the pectoral masclea. You can thus verify by the 
skeletons of hawks and other rapacious birds, the fact ttiat short, 
thick muscles appertain to large wings ; and by the skeletons of ducks, 
Bwans, and diving birds, that small wings x>03ses8 more slender but 
larger muscles. This brings us to the considerations which I have pre- 
rionsly brought forward. We now see how we can measure the power 
devefepcd by a flying bird. It is necessary to know the resistance 
which the air presents to the surface of its wing, and to multiply this 
resistance for each stroke by the distance which it traverses. Still the 
problem is not as simple as one might suppose, alter this announcement. 
All tends to the belief that the rapidity with which the wing strikes the 
air is not uniform, and that it has increasing and decreasing phases, to 
which the relative resistance of the air corresponds. To know the exact 
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Dfttare of the movements of a bird's viog is the qnestlon.now presented, 
and tbis will be the object of onr next experiments. 

lifnn of tAfl bird. — All those who have studied the flight of birds have 
called attention, with great propriety, to the form of these animals, 
vhich renders them eminently suited to flight. They have seen in it 
the conditions necessary for perfect stability in the midst of the air. 
They have well understood the office of those great sarfaces fonncd by 
tiie wings, which sometimes serve as a paraobate to enable the apimal 
to descend very slowly, while at others these surfaces glide over the 
air, following the plane of their inclination, and i>ermitting the bird to 
descend obliquely, or even to rise, or, as we shall see, to advance with 
motionless wiugs. But many observers have goue so far as to assert 
(bat some species of birds have an entirely passive Sight, and that, snb- 
mitting tbeir wings to tlie action of the wind, they obtain a force suffi- 
cient to propel themselves in any direction, even agiiiust the wind itselt^ 
It seems to me im|K>rtant to discuss, in a t^w words, this essential point 
in the theory of flight. 

The stability of the bird has been fully explained ; there is nothing to 
add to the remarks which have been niadeoD this subject. The attach- 
ment of the wiDgs is situated exactly at the most elevated part of the 
thorax of the bird, and consequently when the extended wings take 
bold OD the air the weigbtof the body is to be fonnd below this snrliace ot 
saspension. It is known also that m the body itself the lighter organs, 
the Inngs and air saca, are above, while the denser mass of the iutestines 
is situated below. Lastly, the thoracic muscles, so heavy and tbick, 
occupy the lowest point oi the system, so that the densest portion of the 
body is placed as much below the point of suspension as possible. The 
bird which descends with outstretched wings, therefore, always has its 
ventral region lowest ; it does not need to exert itself in onler to preserve 
its equilibrium, bnt takes tbis attitude passively, as does the parachute 
irhen let fait through the atmosphere, or as the shuttlecock which falls 
back upon the battledore. But this vertical descent of which I have 
spoken is exceptional; the descending bird is almost always actuated 
by a motion previously obtained, so that it slides obliquely upon the air, 
as does a ligbtbody of large superficial extent when place<liD the above- 
mentioned situation. Mr. J. fline has carefully studied the different 
kinds of sliding which may occur iu tbis manner, and has even r^ro- 
daced them by means of a very simple and easily-constructed theoreti- 
cal apparatus. Take a square sheet of paper and fold it midway, so as 
to forna a rather obtuse angle, as in Fig. 13; then, with a little wax, 
fix in ttiis angle a small metal rod, furnished with two balls of the same 
weight, and the result will be an apparatus which will possess stability 
in the air. 

If the center of gravity is exactly in the center of the apparatus, it 
will be seen to fall vertically when dropped into the air, with the edge 
of the angle downward. If the center of gravity is di^laced by taking 
away one of the two balls, instead of falling vertically, it will pursue an 
oblique course and slide over the air with an accelerated motion. The 
tr^ectory of the apparatus in this case will be described in a vertical 
plane if the two sides of the apparatus are perfectly symmetrical j if 
tlu« is not the ease It will be deflected toward the side of least resist- 
ance. Tbis effect, easily comprehended, is identical with that produced 
in the course of a ship by the resistance of the mdder. It can also be 
pFodaced in a verticaJ plane, bo that the trajectory of the apparatus 
may present a curve with a saperior or inferior eoocavity, according to 
the coDditions of its projection. i ^^^ ,, QoOQ Ic 
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All thia carved bodies tend to slide npon the tur io the direction of 
the radius of tbeir special cnrve. If we bend the anterior or posterior 
edge of our little appnratna at a certain point iu its obliqne course, we 
shall see it rise, notwithstandiug the force of gravity, though its motion 
soon ceases. What has happened in this casef 

Fig. n. 



57 



Fig. 14. 



u \^=Xl 



eqpBl bklla ftt the extremitieB of the rod which Ilea at the bottom of the Bosle of the 
bent paper. This, its is indicated by tUe lower representations uf the lod, £|1b verti- 
cally. To the riebt the ^ame npparatns. with only a single ball, is represented. It 
descends in a paiubolic carve, represontcd by the dotted Lue. 

"When there has been but little rapidity in the fell of the object, the 
carve of its surface remains motionless, because the air offers resistance 
only in proportion to the rapidity with whioli they move. Therefore, 
when this rapidity has been snfllcicutly great a steering effect is pro- 
dnced, which elevates 
the anterior extremity 
of the object and im- 
parts au ascending 
motion toit. But very 
soon the weight, which 
was the motive power 
of the apparatus, bo- 
comes a retarding 
force, and in propor- 
tion as the object as- 
cends its motion be- -( 
comes slower, and 
flnaJly ceases. After 
this, retrogradation 

begins, to be followed „ , . . , , 

hu nnntliPi- ri-i*i nnrl ^" postenor comers of the two planes of tho appMatas 
oy anoiuer rise, auu tave beonbcntnpwardandinward.Bothatafteradesoeofl- 
80 on, until Dy sue- ing curve the apparatus rises, m the dotted line indicatca. 

cessive oscillations the 

ai^aratus finally reaches tho earth. I may add that if a slight con- 
cavity is given to the object below, the reverse takes place, and we sec 
at a certain moment the tr^ectory sharply deflected downward, atul 
the object strikes the earth with great violence. In the second case, 
at the moment when tlie steering effect is produced, the weight is in a 
favorable position for a precipitate descent, and opposed to the oscentl- 
ing reaction. LtOO^^IC 
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I empbasiKe thei^ effects becaoee tbcy are freqnenMy prodnced in tbe 
flight of birds. Tbe old treatises on falconry describe the interesting 
evolntions of the birds employed in biintinff. Without goinp; b^cE 
Airther,wetind in Iliiber (octavo, published at Geneva in 17S4)adescrit>- 
tioD of the curvHinear morements of the falcon, to which they gave the 
name of passades, and «'hich consisted in an oblique descent of the bird, 
followed by a rise in its course. "The bird," says Huber. "when about 
to strike the earth, carried away by its own rapidity, would be dashed 
to pieces if it did not call into a<',tioD a certain facnlty which it possesses, 
stronger than its dcscendiDg motion, to rise even high enough to make 
a second swoop. This motion is sufficient^ not only to arrest its descent, 
-bat even to carry it without etlort as high as the elevation from wbicli 
it came." 

Hg. 15. There is certainly exajrgera- 

, — -, tion in tbe'statement that tbe 

\ •' "^-^v / bird remonnts as high as the ele- 
"* '" "' , vation ftvm which it descended 

without farther effort. The re- 
_ sistance of the air must over- 
part of the foi'ce acquired 
during the descent, and which 
is transformed into ascending 
force. We see, however, that 
the phenomena above described 
ia confirmed by observation, and 
that it has been considered in 
some sort as a passive act in 
which the bird expends no mus- 
cular power. The act of hover- 
have been "B in some cases presents a 




ra of tbe paper 

_. 3rpaa8inRtDniuKli;_, — „ 

iecurvoUieolgecttakesaveTyrspiildeMwDd- ena just described. When Some 



ihapanv- great analogy with the phcnom- 



inx conrao. birds, pigeons for instance, have 

used their wings during a certain distance, the wings are seen to be 
perfectly quiet daring a few seconds gliding through the air, either 
borizontally or rising or falling. The descending motion has the long- 
est duration ; in fact it is otdy an extremely proltmged descent in which 
motion is maintained by the force of gravity, which diminishes it in the 
horizontal or' ascending plane. In these latter forms the wing, more or 
less obliqnely directed, takes hold on the air like the toy kite, with this 
difference, that motion is imparted to this by pulling the string when 
tbe air is calm, while the bird utilizes momentum previously acquired by 
an oblique descent or previous strokes of the wings. 

1 have already said that observers have admitted that certain birds, 
ivfaich they call sailors, can sustain and direct themselves in the airby 
means of the wind alone. This theory appears paradoxical. It is in- 
comprehensible that a bird, motionless in the wind, should not yield to 
the resistance of the air through which it glides. If the paesadea or 
swoops which tbe falcon executes can sometimes carry it against the 
wind, this can only be a transient effect, compensated for by being car- 
ried away by the wind more rapidly in another moment. However, 
this theory has been sustained with great talent by some observers, 
especially tbe Count d'Estemo, the author of a remarkable memoir 
on the flight of birds. "Every one," he says, "can see some birds 
practicing this* method of flight; to deny it is to deny self-evident 
facte." I myself hare noticed this mode of flying, but it has seemed 
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to me that it ia execated in general noder the followiD^ special 
conditions: Along the cli£fe of the coast of 14'ormandy I hare seen tbe 
gulls and sea-metrs performing their evolotiona without moving their 
wings. I have seen the dawa and rooks flying in the same manaer 
around old cathedrals. But the same birds, when they left these 
special stations, have always appeared to me to nse the rowing method 
of flight; that is to say, making regular strokes of their wings, some- 
times interrupted in the daws by swoops of short duration. I then 
sought to dctenniae the direction of the wind, and this is what seemed to 
me to occur : When a bird finds itself in the neighborhood of a clif^ 
where the air ia calm or agitated by eddies in a contrary direction to 
the prevailing wind, it can pass successively from the calm to the agitated 
air, and conversely. A sea-mew surrendering itself to the force of the 
wind, receives an impulse which carries it with a certain rapidity, and 
if, by simply turning, the bird enters a region of calm air, it can utihze 
the impulse which the wind has given it in returning to the height 
whiuh it had lett. Plungiugagain into the zone of agitated air, it recooi- 
mences the evolution whicli I have just described, without moving its 
wings, except to give them difi'erent inclinations. The daws and rooks 
nppear to me to And the same conditions around the cathedral towers. 
The authors who have reported the most curious cases of sailing flight 
have observed them in mouutaiuous regions. It ia a condor in the 
Conlilleras, or an eagle in the Pyrenees. The sailing flight has often 
been described of certain birds of prey, who, in the middle of a plain, 
rise and turn without moving their wings. I myself have often seen 
harriers fly in this manner, but I have always determined, also, that in 
tbis case the spiral which they describe is altered by the wind, and 
that the birds are definitely carried to leeward with a more or less rapid 
motion. 

Even when reduced to these limits the influence of the wind on the 
flight of birds is very difQcnIt to explain. It is complicated by very 
difl'erent conditions in which the motion acquired by the bird, oppoabd 
from various directions by the force of the wind, gives rise to the most 
varied combinations of motion. It is also known that in the upper 
regions of the air various currents exist, sometimes even in a contrar; 
direction to those which obtain near the surface of the earth, so that tite 
bird, passing ftoia one to another, fiiid forces which carry it in opposite 
directions.^ 

Finally, the question of sailing flight aeems to me one of the most 
ditttcult to solve. It would be temeritous to absolutely condemn the 
opinion of observers upon such vague theories and ideas as we possess 
upon the subject. 

One of the moat interesting points in the conformation of birds con- 
sists in the determination of the relations of the extent of the alar sur- 
faces to the weight of the animal. Is there a constant relation between 
the weight and these surfaces T Tbis question has been the canse of 
numerous controversies. It has been already shown that if birds of 
very difterent kinds, yet of the same weight, be compared, the wings of 
some species are found to have four or five times the extent of othera. 
The birds which have large wings are usually those which have befot 
called "sailors," while those which have the wing short and uairovr are 
generally classed as "rowers.' But if we compare two "rowing" birds 
with two "sailing" birds; if, for still closer comparison, we take them 

'Tbelat« Mr. Espy suggested that the pLenomenon of Bailing it) the fli^t of bilda 
isdiie to upward cMrrentsof air which taku plaoeiQ warm wentber, or beneath clood*, 
uidespeciall^iip thoBideof amoDutaiuagaiiut which the wind 1* blowtug. — J. B. 
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from tlie same fomily, in order thst the only difEeiencee sball be tbose of 
form, a Bomewbat constant relation will be found between the weight of 
tiie bird and the surface of its wings. But the determination of tbis 
relation shonld be based apon certain considerations, wbicb have long 
escaped the attention of iiatoralists. Mr. de Luc; sought t« measure 
the Burfiace of the wings and the weight of the body in all dying 
animals. Kow, to establish a common unit among animals of such difiereut 
lands and forms, he reduced all the measnres to an ideal type, of which 
the weight shonld always be one kilogram. Thus, after having proved 
that the gnat, which weighs three milligrams, possessed wings with a 
sor&ce thirty millimetres sqnare, he concluded, in the types represented 
by the gnat, the kilogram of animal was supported by an alar surface of 
teia square millimeters. By making a comparative table of the measures 
taken from a great nnmber of animals of different kinds and various 
forms, be arrived at the following figures: 



Species. 


Weight. 


Wing iurfwe. 


Surface per k ilogram. 




SmiUignuna.. 
MaeuUgtiuna. 
SSOgrania.... 
3,2Serui)s.. 
9, 500 grama.. 


30 sq. millimeten 

l,66Jsq. miUimetera. 
750 eq. centigrams... 
4, 506 »q. centimeters. 
8,&43sq.ceutimeter8. 










2, 5ti6 8q. centimeters. 
1,9118 sq.centimetors. 
899 sq. centimeters. 


BtS*::.::; :."."."::".:: 





From these measurements, in spite of variations to detail, the evi- 
dent result is obtained, that animals of large size and great weight 
Bostain themselves with a much smaller proportional alar surface than 
smaller animals. A similar result already shows that the office of the 
wing in Sight is not merely passive, for a sail or parachute should al- 
ways have a surface proportioned to the weight which acts upon it; 
considered, on the contrary, from its true point of view, that is to say, 
as an iustmmeot for striking the air, the wing of the bird should, as 
we shall see, present a relatively smaller surface in birds of large size 
and ^reat weight. The astonishment exhibited at the result of the de- 
terminations made hy Mr. de Lucy disappeared when it was remeni- 
bered that there was a ^ometrical reason why the alar surface could 
not increase in proportion to the weight of the binl. In fiict-, if we 
take two objects of the same shape, two cubes, for example, of which 
one shall be twice as large in diameter as the other, each one of the 
tuxB of the larger cube will be four times as large as the corresponding 
foce of the smaller, while the weight of the greater cube will bo eight 

}imes that of the lesser one. For all similar geometrically solids, the 
iuear dimensions having a stated relatiou to each other, the surfaces 
are as the square and the weight as the cube of their similar linear di- 
mensions. Two birds of similar form, but having, one of them, the 
spread of the wings from tip to tip twice as great as in the other, will 
bave respective wing surfaces in the proportion of 1 : 4, and weight as 
1:8. H. P. Demoud^sir, who applied these principles before me, 
tboaght that he had found in them a reason for the smaller size of 
birds are capable of flight, while those of a larger kind, such as os- 
triches and cassowarys, do not fly ; he observes that if these birds had 
tta large wings as the beron, in proportion to their weight, they could 
Bot fold them completely, and would drag tliem as long and embarrass- 
ing appendages. These observations would be correct according to the 
tibeory of "fraUiug" flight, but iu "rowiug" flight, the amplitude of the 
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etrofce of the viog, increasing in proportion to the eize of Uio bird, nml- 
tipUea the reeiatance which the wing meet^ from the air, and the reac- 
tion bears a similar proportion to the weight of the birds themselves. 
Dr. Hureau de Villencuve, npon tlie same principle, has sought to de- 
termine the alar extent which would enable a bat of the same weight 
as a man to fly. He found that each of its wings woald be less than 
three meters in length. I 

A remarkable work by Hastings* has appetu^d this year on the rela- 
tive extent of the wings and the weight of the pectoral moscles in the 
different species of flying vertebrate animals. The author first shows 
that among birds the existence <»n be established of a certain relation 
between the surface of the wings and the weight of the body. Bat we 
should be careful to compare only comparable elementA ; that is to say, 
the length of the wings, the square roots of the alar sarfacee, and the 
cube roots of the weight among different birds. Let I be the length of 
the wing, a its area, and tcjiie weight of the body, we can compare 
among themselves t, i/a,- Vw, 

Examining different ty|>es of bird, Ha:%tingB made weights and mea- 
sureinents, fram which the followmg table is extracted : 



SpeciM. 


Weight. 


Surface. 


Bolatioa betireett 
thum. 




,.. 


«. 


V'S' ^'w -i- Vw. 




565.0 

C.Ud.0 
■193.0 
27:.. 5 

im.o 

190,0 
170. fl 

1U3.4 

8G.4 
60.0 

14. S 
10. t 
&.1 


541 
3^1 

•iQi 
144 

ail 

164 
101 
101 
106 
85 
44 
75 
31 
25 
S4 


2.® 
3.26 
a. 05 
1.84 

a 13 

2.-23 
l.Hl 
2.14 

2.ai 

S.09 
1.C9 
2.69 
S.3» 
2.:t3 
2.-M 
















Tunlns meruls •. 


Bomliycilla gairula 

Alauda arvtusiB 


Fringilla Bpinns 







The weight of the pectoral muscles is, on the contrary, in simple pro- 
portion to the total weight of tlie bird, and in spite of tlie differences 
which correspond to the diB'erent degrees of aptitude to flight with 
which each species is endowed, we perceive that the proportion of the 
weight of the pectoral, to the total weight ia about one-sixth in the 
greater number of birds. 

Each animal capable of sustaining itself in the air must develop a 
force proportional to its own weight, and should [wssess an amount of 
muscle proportioned to this weight; for, as we have seen, if the chemi- 
cal action which takes place in the wiugg of birds be always of the 
same nature, this chemical action and the power which it generates will 
be proportionate to the size of the muscular masses. Now, how ia it 
that the wings of birds in which the surface varies as the square of the 
linear dimensions suflice to move bodies of which the variation is ia 
l)roportion to the cubes of these dimensions 1 Here it is necessaiy to 
■ Archives Newilandotset, t iv. 1869.^ C O(ioif 
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bring in the theory of power; that is to say, of resistance multiplied hy 
the square of the cliatance through which it acts in a givou tiuie, admit- 
ting a uniform rate for the downward stroke of the extremity of the 
wing in two birds to be compared, aud ivliicli have the proportion of 
1 : 2 in their linear dimeusious. Tlie surface of the wings of the larger 

Fig. 10. 
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bird will be, as we have already said, four times as great as that of 
the smaller one; now, as the resistauce of the air against surfaces 
moving at the same rate is proportionate to their extent, if we call the 
resistance experienced by the wing of the small bird r, that for the 
large bird will be 4 r. But these birds, in the downward stroke of their 
wings, do not execute motions of equal amplitude. In the large bird, 
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each point of the wiog will travel twice as far as the eimilar part of Hie 
smaller bin). It v/e call the space traversed g, the resistauce r, which 
the wing of the small bird encooitters, we shall have rg for the work 
done by the wing, and ir 2 g or 8 rg for the work done by the bird. 
We see, tben, that this work increases in the same proportion aa the 
weight of the animals we are comparing. 

Another concluBion results from the preceding considerations. If we 
admit tbat the wing possesses the same velocity in both birds, the dura- 
tioD of the stroke will increase with the apace traversed by the wing; 
tbat is, it will be proportioned to the linear dimensions of the binL 
Observation confirms tbis view by showing tbat large birds jnake fewer 
strokes than small ones do. We have not yet been able to determine 
exactly the number of strokes of tb& wings of birds to ascertain if their 
frequency presents an exact inverse ratio to the size of the animal, but 
it is easy to see that it is in this manner that the frequency of the wing- 
strokes of birds varies. 

The graphic method, which is easily employed in determining the 
frequency of the wing-strokes of insects, cannot be similarly employed 
vrith birds. It is necessary to adopt some method of transmitting 
signals from the flying bird to the registering apparatus. For this par- 
pose, I have first used the eUctrie teUgrapk, which famishes the means 
of solving the followiug questions : 1. What is the frequency of the 
strokes of the wings of a bird! 2. What are the relative durations of 
the periods of elevation and depression of the wings 1 The experiment 
consists in placing at the extremity of the wing an apparatus which 
breaks or closes an electric circuit at each of the alternate motions, 
while at the farther part of the circuit is placed an eleetro-magnetio 
apparatus, which makes a trace upon a turning cylinder. Fig. 16 
shows this method of studying the Uigbt of a pigeon, together with 
another method of transmitting signals. In this figure the two wires 
are separated from each other. 

The writing style traces a crenulated line of which the changes of 
direction correspond to a change in the direction of the motion of the 
wing. 

In order that the flight may beas free as possible, a fine, flexible cord, 
containing two wires, establishes the commuuicatiou between the bird 
and the wrttiug telegraph. The two ends of the two wires are attached 
to a very small, light apparatus which, from the resistance of the air, 
executes a kind of valvular motion. When the wing is elevated the 
valve opens, the circuit is broken, and the line traced by the telegraph 
rises. When the wing descends the valve closes; the circuit is a^o 
closed, and the line is depressed. 

Applied to different kinds of birds, this apparatus registers the fire* 
qneucy of the strokes of the wing in each. The number of species 
which I have as yet been able tx) study is very smaU ; I have, however, 
obtained the followiug resolts: 

2f»mber of vibrattoM of the teingper second. 

Sparrow 13 

Wild duck 9 

Pigeon 8 

Heu-bawk, Buteo vutgarU, a hawk called in England and France the 

" buEzard " Or " friward" 5 J 

Screech-owl 6 

Harrier, Ctrcut rti/aa, marsh harrier of England, Inue of France 3 



yGooj^lc 
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The freqaency of tbe strokes varies according as tbe bird is starting, 
is in fall motion, or at the end of its flight. Some birds, aa we know, 
have periods when the wiug is motionless, and when they move by 
means of tbe momentam acqnired. 

It is interesting to observe the relative dnration of the periods of 
ascent and descent of the wings. Contrary to the opinion expressed by 
some observers, the descending period is generally longer than that of 
elevation. The inequality of the two periods is especially evident in 
birds which have large wings and make few strokes. Thus, while tbe 
periods are almost equal iu the duck, which has very narrow wings, they 
are nneqnnl in the pigeon, and much more so in the barrier. 

The following figures exhibit the results obtained from several species 
of birds: 



SpeolM. 


pleto osciUatioQ of tbe wing. 


Proportional di»- 
teiioe. 




Ascent. 


DescenL 






3.0 
3.0 
6.5 























It is more difflcalt than might be supposed to determine tbe precise 
instant of the change of direction in the Hue traced by tbe telegraph. 
Tbe attraction of the magnet and the rela:xation have an appreciable 
duration, if the blackened cylinder tarns with sufficient velocity to 
measare the rapid motions which we seek to analyze. The inflections 
of the line traced by the telegraph then become curves, of which it is 
somewhat difficult to determine the precise origin. There is therefore 
a limit to the precision of the measniements which can be made by tbe 
electric method. I think that we cannot approximate by this method 
nearer than ^j^ of a second to the duration of a motion. 

Another kind of signal allows the estimation of the ft^qnency of tbe 
stroke at the same time that it fumisheB indications of tbe successive 
action of the principal motive muscles of the wing. 

Mgoffrapkic method. — In 1867 I indicated a myograpfaic method which 
might be applied without mutilating the animal upon which the experi- 
ment was performed. It consists in employing the swelling of a muscle 
to afford evidence of its changes in length — that is to say, by its con- 
traction or relaxation. Muscles, not being sensibly compressible, cannot 
change their length without at the same time changing their transverse 
diameter. A rapid or short, feeble or energetic contraction of a muscle, 
hence, is accompanied by an increase in diameter, affording the same 
features of rate or intensity. At each descent of the bird's wing tbe 
great pectoral muscle thus exhibits an increase of size, which can be 
indicated by the registering apparatus. 

I have made use of flexible air tubes of India-rnbber in transmitting 
these effects, a method which bas enabled me at times to register at 
some distance tbe beating of tbe heart, tbe pulse, and the motions of 
respiration. 

The bird flies in an indosnre fifteen meters sqnare and eight meters 
bigh. The registering apparatus being placed in the center of this 
enclosure, twelve meters of rubber tubing are enough to establish a con- 
■taotoommnnication between it and the bird. A sort of corset is applied 
to a pigeon, (see Fig. 16.) Under this corset, between it and the pectoral 
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tnusole, is placed a little contrivance intended to exbibit the BTrclling of 
tlio mascle. It consists of a small, shallow metal basin containing a 
spiral spring aud is closed over by a thin sheet of robber. This basin, 
thus closed, comiuunicatea with the transmitting tube. 

Any pressure applied to the pj™^ 17_ 

fhue of the apparatus depresses 
the rubber. The air is forced 
out of the basin and escapes by 1 
the tube. Ifthe pressure ceases, . 
the air reenters the haaia in cou- 
eeqiience of the elasticity of the 
spring which raises the rubber. 
An alternate inapiratiou aud as- 

ftiration is by this means estab- 
isheil in the tube, and the mo- APP»"'t«i for exh.b.t.nK the Mntnwtion of 
... . , ' ■. . .1 tne tuoTooic maacleg of birds. Toe nnpercon- 
tlOU of the air transmits to the ,ei face is formed of a sheet of rubW, held 
registering apparatus a signal of up by aspiral spring, and is applied t*i the nin»- 
the more or less intense pressure "'*■■ The lower face, in contact with the coi^ 

which has been exerted upon the "?'- '^?"'" ^''," J'V.*'?,.'"^''' l"* ^."'"?" ^ 

.V uaau^E "-^^•'J'" .i*" " the cluth uad hold the appartttQs in its plftoe. 
rubber cover of the basin. Tlie ' '^ ^ 

registering apparatus I have used in all my experiments is also com- 
posed of a basin, covered by a rubber membrane communicating with 
the transmitting tube. The motion imparted to the first basin is 
transmitted by the air to the rubber coverof the second. The motions 
of the membrane of the receiving a|)paratu8, amplified by a lever, are 
■written on the smolied cylinder. Figure 10 represents the general 
airaogement of the exi)eriment in which the electric telegraph and trans- 
mission by air are exhibited together. We see the pigeon nnder ex- 
periment furnished with its corset and apparatus for showing the move- 
ments of its pectoral muscles. The transmitting air-tube ends at Ae 
registering apparatus, which writes on a revolving cylinder. At the 
extremity of the pigeon's wing is an arrangement which opens or closes 
an electric circuit as the wing rises or falls. The two wires of the cir- 
cuit are represented separately, and two cells of Bnnsen's battery Me 
seen in their connection, with the helix, which, furnished with a lever, 
registers the telegraphic signals of the motions of the wings. One pre- 
caution is indispensable — the rubber tube which connects the bird and the 
apparatus must be prevented Irom stretching. When the bird flies it 
raises more or less of the tube, and if this is elastic it will become eloo- 
gateil by its own weight, producing a rarefaction of the air contained 
in the two receptacles, and the registering lever will trace inuscolnr 
carves on a decending line. To prevent this inconvenience, the tobe 
may be tied here and there to the telegraphic cord by means of ligatures, 
taking care that the tube is a little longer than the cord, and that 
it is not subjected to triiction. These precautions being taken, nothing 
prevents the successful transmission of signals. No trouble need be 
taken in regard to the elasticity of the tube in a transverse direction ; 
its walla are so thick that their elasticity is notbrought into play by the 
feeble changes of pressure to which the air they contain is subjected. 

The bird is let loose at one end of the Inclosnre, the dove-cote in which 
it is ordinarily kept being placed at the opposite end. The bird 
naturally dies toward the latter. During its flight the tracings repre- 
sented by Fig. 18 are obtained. 

The trace is seen to differ according to the kind of bird experimented 
npon. However, in all the traces we perceive the periodical return of 
two motions, a aud b, which are produced in each vibration of the wing. 
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Fig. 18. Fig. 19: 



ng. 18. Myognip'hla tracinc* of the pectorals, obtained from vaiioas kindi of birdg 
(litTliic flight. I. Tracing of the tnninK-fork to be nsed in tunwailDg the absoloto 
dtUBtum of Bftoh mascnlftr motion ; this tnning-fork vibratea 200 times a oecond. 11. 
Trwnog of Ibe moBolea of a pigeon obtained, as in Fig. 16. 111. Tracing of « irild 
dnok. IV. Tracing of a hun-hawk. T. Tracing of a bamer. 

Fig- 19. Line a repreaenta tbe electrio tracing of the ascent and descent of the wing 
of a oarrlEr, OS fnmiBlied by tbe apparatus. Line b is a trnciug of a faning.fork vibrat- 
ing SOO timM a Hoond. Line o, correction of the eteotrio tracing, irhlcb latter doea not 
f pTfMit tbe abangeswitb anlBoient abruptneas in the flgnTe(ii) obtained directly ftotn 
the wing. Line d, tiaoing of the action of tbe pectoral mnacles in the bonier by tbe nir 
kpparatna ; a', perind of elevation of the wing ; b', period of dcpicssiun. Line e will 
be Uerealter referred to; it tcpresents thevertiMl oscillations of the bird daring flight. 
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Wtiat is tlie signiflcstina of these two muscular octiosst It is readily 
SMS that the nadnlation a correspoads to the action of the muscle which 
elevates the wing, aod b to that of the moscle which depresses it. 
This can readily be proved by comparing^ the trace of the mnacnliir 
action in the electric trace of the elevation and depression of the 
wing. These two (racings, placed one under the other, show that 
the period of elevation of the wing agrees with the extent of the 
nndnlation a, and the period of depression with the nndnlation b, 

Bnt Xo establish this a^reemeut we must take the nneqoal rapidity of 
the transmission of the electric and aerial signals into account. We 
may consider the electric transmission as instantaneous, while the aerial 
transmission is at the same rate as the rapidity of sonnd throagh the 
air, that is, 334 metres per second. If the points of the two styles an 
placed vertically one above another, the tracings will not be exactly 
uiperposed, but the electric signal will precede the other by a distance 
oorreapondiug to a certain fraction of a second, according to the length 
at the tabe which has been employed. We can even compute, from the 
length of the air-tube, the amount of retardation, but it is more certainly 
ascertained by a special determination for the particular tube which 
may be iu use. In a previous experiment, motions were simultaneously 
truismitted by the tube and by electricity, and the discrepancy de- 
termined. In the apparatus which I am using, the constant discrepuicy 
is .04 of a second. I should therefore set back the electric signiUs by 
a corresponding distanee, in rader that they may agree with the signcds 
transmitted by the air-tnbe. Fig. 18 shows the superposed tradng 
trom a harrier after correction. 

It is easy to understand how the nndulationso and 6 are produced la 
all the tracings of the muscles of birds. Iu fact there exist two distanot 
planes of muscles, In the upper part of the region investigated, near the 
end of the sternum. The most superficial is formed by the great pec- 
toral which lowers the wing, the deeper by the median pectoral or eleva- 
tor of the wing, the tendon of which passes behind the bifurcation of 
the sternum to attach itself to the head of the humerus. The two sup- 
perposed muscles act by their swelling upon the apparatus applied to 
them. The median pectoral swells when it contracts, signalizing the 
andulatioB a by its action ; the great pectoral signalizes the lowering ot 
the wing in the undulation & in a similar manner. 

We can verify the correctuesa of this explanation by a very siapfa 
cocperimeBt. Anatomy shows ns that the median pectoral is narrow, and . 
only covers the inner portion of the great pectoral along the keel of the 
8t«rnum. So if we displace the little apparatus which reveals the motioa 
of these moseles, and carry it further outward, it will occupy a r^ioB 
where the median peet<N-al does not cov^ the great pectoral, and tlM 
tracing only preset^ » simple oadulation, wiuch corre^mnds to 6 in tfas 
figures. 

It is, thereft»«, sufflciently deBumstrated that the nndulatious a sad 
b, iu the muscular tracings of the birds upon which I have exi>erimeuted, 
correspond exactly to the principal elevating and depressing muscles of 
the wing; but we cannot attach much importance to the form of these 
tracings for deducing the precise nature of the motion etfectcd by the 
mnscle. In fact, these motions appear to override one another. So the 
relaxation of the median pectoral is probably incomplete when the great 
pectoral couimences toact. We should expect no more from these tracings 
than they naturally furnish, that is to say, the namber of vibrations of 
the wing, the greater or less regularity of its movements, the equality, 
inequality, and energy of each of them. Bestricting the inquiry within 
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tbese limits, tbe experiments showtbat the strokes of the vinga of birds 
differ in freqaeney aad amplitude in the different moments of flight. 
At starting the strokes are fewer bat more energetic : they attain, after 
the first two or three, a regular rhythm, which Uiey lose at the moment 
when the animal is aoout to alight. 

We shall find in other eiperiments more 
complete indications of the variation of the 
movements of the wing during the different 
periods of flight. 

Such are the certain indications which can be 
derived from the method of signalizing estab- 
lished between the flying bird and the regis- 
tering apparatus. But if it is wise to guard 
our conclusions by more rigorous experiments, 
it may at least bo permitted ua to attempt 
to discover whether tbe tracings of these mus- 
cles cannot furnish us with further informa- 
tion in regard to the motion!) &om which they 
are derived. I bare elsewhere demonstrated 
that the form of the motion produced by a 
muscle when it is excited varies according to 
the resistance which this motion encounters. 
Thus, in applying the myograph to tbe muscle 
of a frog, I have seen that if contraction be 
impeded by an obstacle tbe duration of tbe 
muscular shock becomes greater on acconnt of 
that obstacle. Theory, also, would foretell us, 
that if the muscle presents certain modifica- 
tions in the different phases of its contraction, 
the result of unequal resistauce overcome at 
different periods, tbe swelling of the muscle 
should also present the same phases. If the 
tracing is tbe exact impression of the motions 
produced by tbe muscle, it can inform us of 
the nature of tbe resistance which the wing ot 
the bird encounters in the diflerent phases of 
i one of its vibrations. 
S H 9 s. I<et ns take the most simple example. As 
I I « 'S 3 the median pectoral and great pectoral are very 
I JS^I unequal in size, we may suppose that if the 
l§^4« resistance is equal in the two periods of ele- 
I B , g o vation and depression, the duration of the for- 
u^-g" ^^^ would much exceed that of the latter; 
I °^Jl and, as exactly tbe contrtuy is the case, we 
I I II may conclude that the rising wing does not 
g| I §, strike the air but cuts it, apparently with its 
"S 9 I edge, so that tbe resistance to tbe elevation 

___^ ^ ^ ^ is very feeble, and is very strong to the de- 

prsMfOQ of the wing. Now, if we examine the tracing of tbe depression 
of the wing we shall find there, within certain limits, tbe expression of 
the different amoont of resistance which the wing encounters in the dif- 
fynnt phases of its depression. It is necessary by previous experiments 
to determine the effect of certain special kinds of resistance, which we 
may call elastic resistance, in order to better oaderstand tbe siguiflca- 
tion of different forms of mosonlar motion. 
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Let as take tbe mnscle of a frog, apply it to the myrograph, and ex- 
cite contraction in it 1)y means of electricity. The fonn of titis con- 
traction varies in the following manner, under the inflaence of different 
kinds of resistance opixised to the action of the mnscle : If » weight 
be suspended to the mu8cte it gives the tracing a. Fig. 21. If it en- 
counter an absolute obstacle to all fnrtiier diminution of length, after 
a few instants of contraction it gives the trace b. Finally, if it encoun- 
ters an elastic obstacle, as a robber thread, which presents a sannonnt- 
able resistance, the muscle gives the curve c. It Beems as if these dif- 
ferent forms were sufficient to charact«rize tbe nature of tbe resistance 
that the contraction of the mnscle has had to overcome. 

In tbe first case it is tbe inertia of a boily ; now this body, snbniitt^d 
to the muscnlar force during a limited period, sUouId have an acceler- 
ated motion at first and then a diminisbicg motion. This is precisely 
what the form of the curve a indicates. In the second case it is not 
necessary to explain how the horizontal line which forms the summit of 
the curve 6, expresses the cessation of all contraction in the presence of 
an absolute obstacle. Lastly, in the curve o, the presence of an obstacle 
is betmyed t>y a deflection of the curve; that is, by a change in tbe 
rapidity of the motion which proilnces it; but the contraction does not 
cease because the obstacle is not insurtaountable, but it becomes slower 
on account of the greater resistance presented. 

I have been able to convince myself that in the above-meutioned 
experiments the swelling of the muscle presents the same phases as its 
change of length. In fact, I have transmitted to the myograph the mo- 
tion produced by tbe swelling of the muscle, and have obtained tracings 
identical with the preceding. Finally, wishing to know if the appara- 
tus which I have used would faithfully transmit the ditferent phases of 
tbe swelling of muscle, I made tbe following experiment : I aiiplied 
the little dram which bad served to obtain the tracings from the 
birds (Fig. 18) to my own biceps muscle, fixing it exactly in place by 
means of a bandage, and put it in communication with the registering 
apparatus, I then made sudden voluntary motions, ae similar as I could 
make them to each other, but applied to overcome various forms of re- 
sistance. In one case I lifted a weight ; in another my hand was abso- 
lutely arrested in nitward motion by being placed beneath a heavy 
table; in still another I tied my hand to a fixed object with a nibber 
baud which, by a short flexure of my fore-arm, required the ntmost 
efforts of the muscle to stretch it. 

Kow the tracings Fig- 21. 

whi«;h express the 
swelling of the bi- 
ceps in these three 
experiments repro- 
duce the three types 
represented in Fig. 
21, and show verj 
clearly that volun- 
tary exertions had 
been subjected to 

different forms of resistance. I tried to force upon the muscles iden- 
tical motions in each case, which was always a short, vigorous tlexare, 
bnt the nature of the resistance modified these muscnlar actions which 
were Intended to be similar to each other, and imparted to them the vari- 
ous phases and durations which ore exhibited in the figure. This being 
settled, let us return to the muscnlar tracing of the great pectoral of 
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the bird. I have said that the exact commcBcement of this motion 19 
undetermined, the elevator of the wing not having falloo into repose 
before the depressor commences to act, and if we would represent the 
probable carve of the action of these two musclos from that which the 
mj-rogmph obtains for us, it will be necessary for us to complete the 
tracing by meuna of dotted Hues as in Fig. 22. 
Fig.S2. 
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Thus reconstrueted, the form of the carves of the elevator and de- 
pressor reveals the nature of the resistance which each of these mus- 
cles has encountered. The curve a of the median pectoral is that of a 
mascle acting on a weight; it seems to indicate that the inertia of the 
wiog ia the only obstacle which the elevator muscle has to overcome. 
The curve b showa us a deQection, during part of which the contraction 
of the mnscle takes a slower motion ; it is here that the resistance of 
the air is interposed. These things happen, then, exactly as in the 
experiments which £ have made upon my own muscles and those of the 
frog. But you may ask why tlie deflection of the curve is not produced 
aooner; and if the depressor muscle can rapidly contract for a certain 
period before encountering suCadent resistance from the air to impede 
its motion. This is just what happens ; we have the proof of it in the 
anatomical disposition of the attachments of the great pectoral muscle. 
We shall nee hereafter how tho motion of thehnraerus around its articula- 
tion is produced ; at present I will only say that in the first part of its 
action the great pectoral in contracting produces a pivoMike motion of 
Hie wing upon the head of the humerus, and that in this first motion 
tike muBcle does not experience the resistance of the air which retards 
iM Kmtraction an iDstant later. 

Hiq reader will perhaps consider that an inordinate number of de- 
dnetiona are made from the forms of the corves of the muscles ; but 
fliotfi who will familiarize themselves with the use of the registering 
a^Mratus, and in particular with the myograph, will soon be convinced 
tmt chance does not enter into the formation of the curves, hot that the 
details should find their explanation in the dynamic conditions of the 
ptT>dactio[i of mnscular power. I 

Motions executed by the wing of a bird during flight. — We have seen, 
in regard to the mechanism of the flight of insects, that the fundaments 
experiment has been that which has shown the triyectory of the point of 
the v/iag in each of its evolutions. The knowledge of the mechanism of 
flight flows, so to speak, naturally from this first idea. Tbe same deter- 
mination is eqnally indi8i>ensable for the flight of birds, but the optic 
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method is here inapplicable. The motion of a bird's ving, while too 
rapid to be followed by the eye, is not anffldentlf rapid to form a 
persistent impressinn of its entire trajectory npon the retina. The 
graphic method, which I have hitherto employed, only ftimishes 
impressions of motions which happen to follow a straight line, and it is 
only by combining this rectilinear movement with the revolving cylinder 
with a smoked surface that the expression of the rapidity with whidi 
the motion is efTected at each instant is obtained. 

The problem is to find the means of registering on an immovable 
plane all the modons which the point of a bird's wing makes in space, 
as if a style had been placed at the end of the wing, and this style 
traced or rubbed on a piece of paper by its aide. It is still fnrther 
necessary to have a flgnre of the same nature as the Inmiaous figure of 
the gilded wing of an insect, that the piece of paper on which the trace 
is to be made shall remain motionless in regard to the center of motion 
of the wing of the flying bird, or in effect tmit it shall tollow the bird in 
all its phases of impulsion through 6[>ace. 

24'ow, physics teach us that all motion susceptible of registration in 
one plane can be generated by the rectangular combination of two 
rectilinear motious. The tracings obtained by Kcenig by arming a 
vibrating Wheatstone's rod with a style, the luminous figures of musical 
chords which M. Lissajous has produced by the reflection of a ray of 
light &om two vibrating mirrors perpendicular to one another, are well 
known examples of the formation of a plane figure by means of two 
rectilinear movements. Thus, admitting that the motions of elevation 
and depression of the wing can be transmitted at one time, as well as 
the back and forward motions of this organ, by supposing that a writing 
style can simultaneously receive the impulse of these two motions, per- 
pendicular to each other, this point will write on the cylinder the exact 
flgoie of the motions of the binl's wing. I tried at first to construct an 
apparatus which wonld thus transmit such a motion to a distance and 
register it, without concerning myself with the way in which I might 
apply this rather weighty mechanism to the bird. 

Fig. 23 represents this provisional apparatus, the description of 
which is indispensable for the comprehension of the second mechanism, 
which I shall describe hereafter. Upon two solid feet, carrying vertical 
supports, are seen two horizontal arms parallel to each other. These are 
two alnminium levers which, by the transmitting apparatus to be 
described, should both execute the same motions. Each of these levers 
is mounted on a ball-and-socket joint, or double articulation, which 
permits all kinds of motion ; thus each lever can be carried above, 
below, to the right or to the left. It can by its point describe the base 
of a cone of which the joint will be the apex. In fact, it will execute 
any kind of motion which the experimentor may choose to impart to it. 
It is also necessary to establish the transmission of motion &om od« 
lever to the other at a distance of ten or fifteen meters. This is done 
by means of a process with which the reader is already familiar — the use 
of drums and air tubes. 

The lerer, which is seen at the left in the figure, is fastened by a 
metallic arm articulated at one of its extremities to the membrane of a 
drum placed below it. In the vertical motions of the lever the mem- 
brane of tho drum rises or falls by turns, producing a throbbing motion 
of the air in another drum through a long tube, which establishes » 
commnnicatign bet^teen them. In the apparatus to the right in the 
flgnre, the second drum is placed above the corresponding lever articu- 
lated with it, and faithfhlly transmits all the motions vhioh havs^been 
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imparted to the first drum to the left. Tbese moTements viU be in the 
same direction in twth levers on acconnt of tlie inversion of the position 
ol the drnms. If we depress the first lever it presses down the mem- 
brane of the dram below it, indacing a pressure which lifts the mem- 
brane of the second dmm, and consequently lowers the second lever 
conversely ; the elevation of the first lever prodaces an influx of air, 
which raises the membrane of the second lever. 
Fig. S3. 



Proceeding in the same manner to b-ansmit motions la a*horixontaI 
plane, I have placed at the right of one of the levers and at the left of 
Uie other a dmm with the membrane in a vertical plane, which imparts 
18a 
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lateral motions to these levers. These motions are transmitted by a 
special air-ttibe, as before. In the apparatus thus constrncted, if we 
move the end of one of the levers with the finger, the other lever vill 
be seen to execute the same movements with perfect fidelity. The only 
difference consists in a slight diminatiou of amplitude. This happens 
becnnse the air contained in the tubes and drums is slightly compressed, 
and in consequence does not transmit the whole of the motion which it 
receives. It is easy to remedy this defect, if it be one, by placing the 
ball-and-Bocket joint a little nearer the {mint whence the motion is 
transmitted to the second lever. But it is better not to attempt too 
great amplification, because the friction is thus augmented and the 
force which should overeome it is diminished. 

After having deteriuined that the transmission of such motion can be 
effected in a satisfactory manner by means of this apparatus, I have 
soaght for the means of tracing these movements upon a plain surface. 
The difficulty which before presented itself, when I endeavored to apply 
the graphic method to the stndy of the wing-strokes of insects, again 
appear^, but this time there was no means of elnding it, and I con* 
tented myself with partial tracings. The point of the second lever de- 
scribed a spherical flgnre in space which could not be tangent, except as 
a point, to the smoked surface, which should receive the trace. In conse- 
quence, I shonld Lave to register the projection of this figure on the 
plane. Helniholtz had also encountered the same difficulty in the con- 
struction of his myograph, nnd had solved it by causiug the point of 
the writing style to rub continually on the smoked surface by menus of 
a weight. But as I could not attach a weight to the extremity of my 
lever, I resolved to the following expedient, shown at the end of the 
lever, in Fig. 24. It is large at 

the base in order to resist all ^'f- ***• 

lateral deviations from friction; 
this base is fixed on a vertical 
piece of aluminium which is 
attached to the extremity of 

the lever. In this way the 

point of the contrivance, which 

performs the office of a style, is ..-- 

situated exactly opposite the q^-:: — 

end of the lever whose motions 
it registers. If the lever be Elr>«ticpointtnicmgciK,u smoked «!««. 
elevated and takes the position ' *' ' " 

indicated by the dotted lines in Fig. 24, in traversing this space it bag 
described the are of a circle, and its extremity wilt be no longer on the 
same plane as before, but the elasticity of the contrivance will have 
carried the point of the style forward, and it will therefore continue to 
be in contact with tho plane upon which it is tracing. Thus the lever 
elongates or shortens according as the case requires, and its point con- 
tinually rubs upon the plane. I sbonld add that the surface upon which 
the tnu^ings are received is of finely polished glass, and that the con- 
trivance which I have used is so delicate that the pressure which it 
exercises produces scarcely any friction. 

The apparatus being thus constructed, it must be submitted to verifi- 
cation, to ascertain whether the motions are faithfully transmitted and 
registered. To do this both levers of Fig. 23 are furnished with simi- 
lar styles, t>Iaced against the same smoked glass ; and moving one of 
the levers with the hand, for instance, so as to write my name, the 
other lever sbonld reproduce the same signature. It frequently hap- 
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peiiB tliat tbe transmiBsioii is not equally good in both directions, wbicb 
id perceptible by the deformity of tbe transmitted figure, vbicb is ia- 
creased more or leas in height or breadth. This deficiency can always 
be coiTect«d, siuce it is due to the membrane of one of the drams being 
stretched more than that of the other, and hence yielding less easily to 
presBore. It ia very easy to equalize the tension by tightening the mem- 
brane of the other drum until the figure traced by tbe first lever is 
identical vitb that traeed by the second. 

The modifications by means of which I bave rendered this trans- 
mission applicable to the study of the motions of the wing of a flying 
bird, are as follows : 

^ The apparatoa 
V necessarily being 
S heayy, it required 
% akrgebirdtocany 
^ it. Strong adult 
"a harriers served for 
f the experiments. I 
S fixed a light strip 
^ of wood upon the 
"^ bird's back, npon 
* which the appars- 
H tus was placed, by 
—J means of a kind of 
I corsetj which left 
I the wings and feet 
I free. That tbe le- 
> vermight faithfully 
j execute tbe same 
•S motions as tbe 
S bird's wing, the 
i joint of the lever 
1 should be placed 
a in contact with tbe 
■S bnmeral articnla- 
'■S tiou of the harrier. 
\. As the presence ot 
J tbe drams by tbe 
§ side of tbe lever 
g does notpermit this 
^ immediate contact, 
■S I bad recourse to a 
■S parallelogram, 
'$ which transmitted 
^ to the lever of the 
"f!, apparatus the 
b movements of a 
-B long arm of which 
M the center of mo- 
tion was very close 
to the articulation of the bird's wing. Finally, to obtain an identity of 
motion between tbe arm and the harrier's wing, I fixed on tbe bastard 
wing, that is to say, on the metacarpal portion of that organ, a well cot 
screw-vise, furnished with a ring, through which passed tbe steel arm 
of which Ihave jnst spoken. Cni^ioic 
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Fig. So represents the harrier flying with the sppar&tns in qaea- 
tion : belov hang the traDsmitting tnbes of the registering apparatos. 

After a great many fruitless attempts and changes of construction of 
the apparataa, vbich, being very fragile, broke at almost every Hight of 
the bird, I succeeded in obtaining satisfactory results. During flight 
the registering lever described a kind of ellipse, but I was obliged to 
give up registering this figure upon a stationary glass. The motioiiB 
of the ning differing at different moments of fligbt, the style did not 
pass over the same points, and I obtained a very oonfnsed tracing. I 
then resolved to use a glass moving horizontally at a uniform rate In 
order to obtain an extended figure, which I could afterwEurd snbmtt to 
a geometric correction, and thus obtained as it shonld be, if traced oQ ft 
stationary surface, a figure for each instant of flight- 
Figure 26 represents one of the numerous 
tracings which I have thus obtained. The per- 
fect uniformity of these tracings gives me en- 
tire confidence in thefr correctness. To ana- 
lyze the meaning of this curve, it is necessary t 
to know how the bird flies, how the apparatus '^ 
is arranged, and in what directioD the smoked S 
glass moves while receiving the tracing. The | 
observer being placed opposite the glass, ou i 
the smoked side, sees it move from the right "g, ■ 
to the left; between the glass and himself is a S I 
tracingapparatn8,withthe lever mbbingupon S F 
the smoked surface directly in front of him. a I 
The bird flying from right to left, in a plane f I 
parallel wiUi that of the glass, carries the lever ^ I 
of the apparatus on his right wing, so that the • I 
respective levers of the two machines are al- T 
ways panUIel to each other. This being |^ 
known, the tracing shonld be read from left a I 
to right. We have seen that the tracing con- g ' 
sists of a kind of ellipse, which the motion of " 
the glass extends into a spiral. The move 1 I 
ments, more extended at the beginning of w I 
flight, gradually lose a little of their ampli- t I 
tnde, and retain a uniform character for some | f 
time. g' 

This figure somewhat resembles that which g 
we obtoin from a Wheatstone's rod, according 9 
to the unison which traces the ellipse which f 
its point describes upon a surface moving from = 
right to left. Fig. 27, showing the tracing i 
of this rod, admits the comparison of the ^ I 
two. r ' 

The wing of a harrier thus describes s sort of 
ellipse, but it is necessary to determine more 
exactly its shape, and to correct theerror caused 
by the motion of the glass plate. 

Such a correction is impossible, nnless we know the elevation attained 
by the wing at the end of snooessive and equal intervals of time. This 
once obtained, if we trace parallel horizontal lines represenUng (tie 
position of the wing at each of these successive moments, these lines 
will cut the descending curve at points which correspond to the succes- 
sive equal intervals of its coarse. It is clear that if these saccessive 
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points of tbe cnrre have been prodaced at eqnal intervals of time, each 
of tliem, aadcr the iiiflaence of the motion of the glass plate, will have 
a constant deviation toward the right, bearing a stated relation to the 
preceding point The correction thns consists in carrying the second 
point bade toward the left twice this amonnt, the third point three times 
Yio g7, this amount, and 

' 80 on. The ascend- 

ing portion of the 
curve should also be 
submitted to this 
correction, and sim- 
ilarly each part of 
the tracing. But it 
i B precisely the 
height which the 
wing attains in the 

^ , difierent ascending- 

EQ^tncedbyftWlieatatoiie'srodapDnfttiinuiigcylliider. g„^ descending mo- 

HoiM of its course which we do not know; bat this want can be sup- 
jdied by tbe apparatus in the fbliowlng manner : 

Since the principle of this mechanism is founded npon the transmission 
of two motions, perpeudicular to each other, vertical and horizontal, it 
nffloes to suppress the transmission of the horizontal motion to obtain 
, Uie carve of elevation immediately ; that is to say, the expression of tbe 
iuj^lt of the wiDg at each instant of its course. For this I obstmct the 
tobe of lateral transmission, let tbe bird Qy, and obtain ^e curve of the 
befits of the wing at each moment. 

!ue correction being made, and Fig. 26 being selected to show the 
coune of the point of the wing during one of its evolutions, and pro- 
jeoiad upon a stationary plane, we obtain Fig. 23. 

VU s& -^^ arrows indicate the direction in which tbe wing 

moves. 

Is this the form characteristic of all birds ; or is it 
only that of the harrier, in the conditions of flight 
in which it has been placed ! 

The last supposition appears to be the most prob- 
able; we can see, even while comparing tbe form of 
tlie tracmg at different instants of its tlight while 
under experiment, that the ellipse is greater and more 
open in the first strokes of the wing than in tbe last. 
It is, however, necessary to except the second stroke 
of the wing, which has given me a narrower ellipse 
• 1" g|M» of «"> than any other, in all the experiments which I have 
Sftte'nwUMi'or made. I do not know to what this special form is to 
be attributed, bathave thought it worth while to men- 
tioa H «n account of its constancy. 

W tke rotatum of the humerus and tke chanpei of the plane in the wing 
i<™W JJ^^*-— The wing of a bird, like that of an insect, must meet 
with m aatHcient resistance from the air in its motion upward and down- 
ward to incline its flexible portion, namely, that which forms the webs 
uid coverts. This cause does produce a change of tbe plane of tbe 
wing, but there is another even more powerful, for it places the wing at 
the ontset of the depressing motion in a favorable position for the d juble 
propulsion which is produced. I refer to the pivot motion which the 
fiomerus executes around its axis at each contraction of the great pec- 
torsL It is enough to examine the bony crest on which the larze ^Q^^^?^ . 
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of tbe great pectoral is inserted, and to coneider tliat this crest is sitn- 
ated on the anterior edge of the hnmenis, to comprehend that the action 
of the great pectoral, whose tibera are carried backward and downward, 
should produce a rotor; motion of the humerus around its longitudinal 
asis. The conformation of the humeral articulation is perfectly adapted 
to this motion. Finally, the existence of this rotation is rendered still 
more necessary by the resistance which the air presents to the back of 
the wing and opposes to the descent of its feathered portiou. We can 
demonstrate the existence of this motion and measure its extent by 
means of the registering apparatus. But I have thought it best to defer 
these researches, especially as they necessitate the construction of spe- 
cial apparatas, which would require numerous experiments, and would 
produce, after all, results of very slight importance. In fact, we are 
enabled to deduce from tbe attachmeut of the muscles tbe nature of 
the motion wbicb tbey produce, and this deduction is especially easy. 

I have always sought to verity the existence of this rotary motion of 
the humerus, and to measnre its extent, by the application of electricity 
to the muscles of the bird. In the experiment for measuring the static 
power developed by the contraction of the great pectoral muscle, previ- 
ously described, I noticed that at each excitement of this muscle tbe 
humerus executed a rotary motion ui>on its axis. I fixed in the hnmeros 
a rod, perpendicular to its axis, and was enabled, by the angle formed 
by the two positions of this rod, to demonstrate that the rotation in tbe 
harrier corresponded to an augle of tliirty-flve or forty degrees. It 
seemed that the limits of this angle were fixed by the attachments of 
tlie median and great pectoral muscles. If traction be exerted upon 
the two antagonistic muscles of a newly dissected bird, it will b© seen 
that the median pectoral raises this member so that its upper face is 
tamed somewhat backward. The action of the great pectoral changes 
this position of the wing completely, and canies its upi)er fece strongly 
apward and even a little forward. These expressions, upward and 
downward, are relative to a plane cutting the bird into a dorsal aud a 
ventral half; but this plane, doubtless, is not entirely parallel with the 
horizon during Sight. But it is certain that the resistance of the air 
should give a much more pronounced deflcctiou to the feathers during 
the more rapid descent of the wing. 

The most difficult to measure of the influences which change the piano 
of the bird's wing is that wbicb relates to the pressure of the air on the 
feathers. Fcrbnps it may not be impossible to devise an apparatus 
capable of measuring it, but it so varies with tbe variations of the 
velocity with which the wing is lowered, that any measurement whicb 
might be obtained would he only the expression of a particular case. 
It is very probable, on the contrary, that tbe change of piano due to the 
action of the pectoral muscles is a much more constant phenomenon. 
We can infer the action of the two motions of the bird's wing from what 
has been said of the mechanism of the flight of insects. It is evident 
that the descent of tbe wing will have the double effect of raising the 
bird and of imparting to it a horizontal motion. As to tho ascent of tbe 
wiug, its office cannot be tho same, because the imbrication of the 
feathers does not offer a resistant surface to the air. 

Everything tends to show that the ascending wing cuts the air with 
its anterior edge, but, as we shall see, another phenomenon occurs which 
nplifta the body of tho bird during tho elevation of the wing; this is 
the transformation of the impulse which the bird has acquired during 
the lowering of the wing. This impulse is changed in rising, by a meclk- 
anism analogous to that which raises the toy kite. / - j 
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In a remarkable stody of tbe flight of birds, M. Liois has been led, 
throagh observation and deductiou, to ado))t tbis tbeory, to wliich the 
ezperinients about to bo described, I trust, vill add uew proofs in its 
fiivor. 

Before leaving the subject, it is necessary to mention the existence of 
certain other motions io the flight of small birds. I refer to tbe folding 
and unfolding of the wings. But the existence of these motions does 
not seem to Im constant, and the eye cannot perceive the least trace of 
them during the flight of the large birds npon which I bare experi- 
mented. Ishall, therefore, omit thestudy of these motions, and of their 
possible effects, and restrict my conclusions on the mechanism of flight 
to a certain number of determinate species of birds. 

Tbe study of the motions of the wings of birds during flight necessa- 
rily includes tbe effect produced by each of these movements. We are 
tempted to deduce these effects from the nature of the motions which 
generate them, but it is safer to obtain the solution of this complicat i 
problem from experiment. Two distinct effects are produced duriDg; 
flight: first, the bird is upheld agaiust the force of gravity ; second, it 
is propelled horizontally. Is the bird in the air sustained at a constant 
elevation, or is it rather subject to oscillations io the vertical planet 
Doe.s it not exhibit, by the intermittent effect of the strokes of its wings, a 
series of ascents aud descents, the frequency aud extent of which can- 
not be observed by the eye 1 Is not tbe bird also subjected to a varia- 
ble Telocity in its horizontal course T Does it not receive a jerking 
motion ftom tbe action of its wings 1 These questions can be solved by 
experiment, in the following manner; Since we possess the means by 
which distant motions produced by pressure exerted upon a drum fllleu 
with air are made to record themselves, we must seek to connect the 
movements which we would study with a pressure of this kind. The 
oscillations which the bird executes in tbe vertical plane should be made 
to produce alternately strong or feeble pressure on the membrane of the 
drum, according as the bird rises or falls. The same should be done in 
seeking the variations of its horizontal velocity. Suppose that a flying 
bird-carries upon its back a light metallic drum, like the one already 
described ; that tbe membrane of this drum be turned upward, and that 
this instrument be put in communication with the registering appara- 
tus by means of a long tube. If tbe membrane of the drum freely par- 
takes of the motions of the bird it will not produce any displacement of 
the air in the apparatus, aud the registering lever will remain motion- 
less. But if we prevent the membrane from partaking of all the motions 
of the bird, if we can give it a tendency to remain at rest while the 
drum is moved, motion will be produced in the air with which the drum 
is filled, and the signals will be registered by the lever. Now, we can 
produce this tendency to remain at rest upon tbe membrane by loading 
it with an inert body, such as a disk of lead. 

Fig, 29 shows the drum with an inert mass upon its membrane. 
This mass is formed of disks of lead, of which a certain number can be 
added or taken off, until the apparatus responds satisfactorily to the 
motions of vertical oscillation imparted to it. In this arrangement the 
movements in the horizontal plane are without iufluence upon the appa- 
ratos. If the drum is suddenly raised, the inert body, not participat- 
ing in this elevation, depresses the membrane exactly as if the mass 
itself bad been depressed, aud the drum had remained motionless. Con- 
Tersely, when the drum descends, tbe inertia of the mass resists the 
motion, as if it or the membrane had been raised and the drum had 
remained motionless. We may remark that the movemeut of tbe lever 
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is Id the same direction as that of the dram ; that is to toy, if the dram 
be raised, the lever also raises itself. It may happen, with an apparatns 
of this kind, that in the motion of the wings mbbing may be prodoced 
on the membrane of the drum, which will make confuaion in the signals. 
To avoid this I cover the npper part of the apparatus with a metallic 



network, as seen in Fig. 29. The drum is there represented in the 
hand, held by the transiuitting tube connecting with the registering 
apparatus. If the drum is moved in the vertical plane, the lever is seen 
to move in the same direction, at the same instant of time, and with an 
amplitude proportionate to the motioos of the hand. If, on the con- 
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trory, ve give the mass a lateral motion, do effect is prodnced upon the 
lever, and no signal is made. But it may be said that an inert mass 

{ilaced on an elastic membrane tends to execute vibrations pecnliar to 
taelf, and that the amtaratas vill transmit these vibrations of the mass 
of lead and the membrane irhich carries it independently of the oscilla- 
tions of the bird. How shall we get rid of this complication t The law of 
vibrations teaches as that the duration of the donble period of each of 
tfaem varies with the weight of the vibrating body, and with the elastie 
tbrce of the lamina which carries it. The greater the mass, and tiis 
fieebler the elasticity, the longer will be the period of vibration. Now, 
the motions which we are studying are rather frequent, some birds 
making eight or tenstrokesof the wing per second. If wd arrange it so 
that the period of oscillation of the mass of lead itself is much longer 
than that of the bird, we shall no longer be troubled by the complica- 
tion of these interfering motions. By employing a heavier mass and a 
lees tense membrane, a good transmission of motions, which are not too 
slow, may be obtained, for instance, such as last less than half a second. 
It is not necessary, either, that the iustmmeut should be applied to the 
stndj of the oscillations of all species of birds. 

Bat to make sure of the accuracy of the apparatus it shonld be veri- 
fied by the method mnch Like that which I have nsed to correct all my 
apparatus. This consists in making, directly by hand, the tracing ot 
the motion which I have imparted to the wei^ted drum, and observing 
whether the registered motion was the same as the first 

Experiments made upon different kinds of birds, dudes, barriers, hen- 
hawks, and owls, have shown me that, in relation to the intensity of ibe 
oscillations in the vertical plane, very varied types of flight exist. 

Figure 30 shows tradngs, fUmisbed by different kinds of birds, upon 
a cyUnder turning at a uniform rate, and contrasted with a tracing pro- 
duced by a tamng-fork making 100 vibrations per second. These 
tracings enable us to estimate the absolnte and relative duration of the 
oscillations of flight in these different birds. It follows from these 
fignres that the frequency and amplitude of the vertical oscillations vary 
m good deal with the kind of bird under consideration. 

To better comprehend the cause of these variations, let ns register at 
the same time the vertical oscillations of the bird and the action of the 
muscles of its wing. If we make this donble experiment upon two birds, 
differing in their manner of flying, such as the wild duck and the bar- 
rier, the tracings represented by Fig. 31 will be obtained. 

llie duck presents two energetic oscillations at each revolution of its 
wing ; the one at 6, at the moment when the wing relaxes, is easily 
understood ; the otiier, at a, at the moment when the wing rises, lo 
explain thie ascension of the bird, during the time' of elevation of the 
wing, it seems to me indispensable to call in the action of the boy's kite, 
previoasly alluded to. The bird, moving forward with acquired velocity, 
presents its wings to the air in an inclined position, similar to that of 
the kite, and thus transforms its horizontal force into an ascending one. 

The flight of the harrier presents the ascension which accompanies the 
elevation of the wing, in a smaller degree. May not tiie canse of thia 
difference be recognized as a smaller relative inclination of the wing 
toward the horizon 1 

Determifiation of the different phase* of the ewlvHon of tke wing, towAieh 
tie vertical oacillationg correspond. — The interpretation of these carves 
throws light at once upon the experiments made on tfaevariationsof the 
tranaformation of velocity in the bird, at different moments, during 
the evolution of the wing. (^n(^o\c^ 
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4. Of tlie scraeob-owl ; ftwl li, of tli« harrier. 

P^g. 3'J. Kmultaiieous traciug of both kioda of osoiUations execatod hj m huricr 
during flight. -, , 

D,j,i,i.aL,(jOOgle 
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Bm, before going fnrtlier, we may remark that the preceding experi- 
ment fomlshea a very precious lesson iu the theory of fiight. In fact, if 
ttae bird execates a series of ascents and descents, the duration of the 
deadending period will approximately inform ns of the amoant of the 
podtlTe work which the bird must perform to rise again to the height 
IVtHD which it fell, and we see that the duck, which makes nine vibra- 
tians of the wing per second, executes two veriiical oscillations daring 

Fig. 31. 



•Jhwa upper half is neeti eoperposed tbe mnacnlar trocinj;, and that of tbo Torticnl 
aMm^DS iu B TCild duck. Below the undulation a, which iDilica'es tLo cluk-atioa of 
^^^Stng, is Been a verticiLl oscillation; and another, below b, which indicates tbe low- 
Mpa-Mthe winf^. In tbe lower portion are the same tracings obtained fiotii u harrier: 
feattwiB '>*c>"'^>o° ^ "> which correspoudij to the elevation of tbe wing, is less marked 
Ifm^ia the duck. 

<M|f vibration, OF eighteen jn a second. Each oscillation is composed 
cfv rise and fall, so that each descent of the bird cannot last more than 
OIM ^rty- sixth of a second. Now, if we substract the eS'ect produced 
M^i a parachute) by the outspread wings of the bird, we find that a 
^nhr which falls during one thirty -sixth of a secoud traverses onlyfifty- 
JB^Billi meters. This fall repeated eigliteen times a second constitutes 
iftUUi rise of 9.3C centimeters, necessary to maintain the bird in the 
iHHto^borizontal plane during ooe second. 

^ft tbe tracing of the barrier, the descents are less than in tbe wild 
flfifc probably on account of the large surface of the wings of this bird. 
' jfigterminatwn of the variatiom of tlie rapidity of Jtight. — Tlie second 
iqAMion to be solved relates to the determination of tbe various phases 
^npidity of flight. The solution can be found in the following mau- 
M#t If the weighted drum be placed upon the bird's back in a vertical 
lifane perpendicular to the direction of flight, it will be insensible to 
Tortical oscillations, and will only indicate those of forward and back- 
viud; also, by turning the membrane of the drum fortrard it is clear 
tiiat if the advance of the bird is accelerated, the retardation of the 
■wtaght on the translation of the apparatus will produce a crowding of 
flie sir in the second drum, and an elevation of the registering lever, 
vUle B relaxation of the ^ortof the bird will briugaboatAdeswntQf 
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the registering lever. Experiments npon tbe kinds of birds prerioosly * 
mentioned furnish tracings analogous to those of the vertit^ oscilla- 
tions. If it is true, as I suppose, that the vertical oscillation of the 
bird at the moment of raising the wing be due to the upward trans- 
formation of velocity, by obtaining, simultaneously, tbe tracing of the 
vertical oscillations and those of the variations of velocity, we shall 
have the means of conflrming this theory. When obtaining at one 
time the two kinds of oscillations in the flight of a harrier, I hiave seen 
that the phase of descent of the wing resulted both in tfie elevation ot 
the bird and the acceleration of its speed. This effect is the necessary 
coDseqnence of the inclination of the plane of the wing at the mtjment 
of its descfflit, as we have previously shown in the flight of insects. As 
for the phase of elevation of the wing, it is proved that during the 
Blight ascension which it produces the speed of the bird is dioiimshed. 
In fact, the curve of tbe variations of rapidity falls as soon as the bird 
begins to rise. This is, then, a confirmation of the previously suggested 
theory of the npward transformation of tbe speed of birds. Thus by 
this mecbaniam the descending stroke of Uie wing creates the force 
which produces the two oscillations of the bird in the vertical plane. 
The downward stroke directly prodaces the ascent which is synchro- 
nous with it, and indirectly by creating the velocity which prepares for 
tbe second vertical oscillation. 

SiMuUaneottt tracing of the too Hndt of oieiUattott of t&« bird. — ^Instead 
of representing each kind of oscillation separately, I have thought that 
it would be more instructive to obtain a single line which, by its cnrves, 
shoidd represent both of the movements which the body of the bird 
ezecntes in its coarse through space. The method which has been used 
to obtain the curve of the point of the wiug, with some modifications cao 
be made to furnish a simultaneons tracing of botb kinds of motion. 
For this both drums must be counected with the same inert mass, and 
placed at right angles to each other. Turning back to Fig. 23, which 
shows the two levers connected by tubes which transmit to the one all 
the motions executed by the other, when any motion is imparted to the 
first lever, the second lever repradnces the same motion in the same 
direction. Now, let ua charge one of the levers with a mass of lead, 
and, taking the support of the apparatus in the hand, make it describe 
some motion in a plane perpendicnlar to the direction of the lever. We 
see that the lever No. 2 executes directly opposite movements. Id 
fact, since tbe motive force which acts on the membranes of the drams 
is simply the inertia of the mass of lead, and since this ma«s is always 
behind the motion given to the apparatus, it is clear that if the whole 
be raised the mass will keep the lever down ; if the whole be lowered, 
tiie mass will raise tbe lever ; if it be carried forwanl, the mass will bold 
back the lever, &c. Now, the second lever, executing the same motions 
as the first, will give curves which are directly the opposite of the mo- 
tion which has been given to the suppoit of the apparatus. This being 
settled, DOW for the experiment: For this I take the apparatus repre- 
sented on tbe back of the harrier in Fig. 25 ; I remove tbe rod which 
receives the motion of the wing, and the parallelogram which transmits 
it to the lever. I keep only the lever connected with the two drums and 
the mounting which attaches it to the bird's back. I fix a mass of lead 
on this lever and let the animal fiy. The tracing obtained is lepre- 
sented by Fig. 32. 

The analysis of this curve is at first sightextremely difficult. I hope, 
however, to succeed in showing its signification. It is traced on tne 
cylinder under the same conditions as Fig. 20, showing tjbie di^ieat 
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motioDS of the point of the wing. The glass plate moves &om the right 
to the left ; the tracing is read from left to right. The head of the 
bird is toward the left; this flight is in the direction of the arrow. 
We can divide this flgtue by vertical lines passing through homologoos 
points, catting it either at the top of the loops or at the snmmit of the 
simple cnrvefl, as represented at the points a and e. Each of these divi- 
siouB incloses similar elements, although their development is nneqnal in 
. different parts of the flgoie. For the present we shall neglect these 
detaiU. 

It is evident that the periodical retnm of similar forms corresponds 
to a return of the same phases in an evolation of the bird's wing. The 
division a e thas represents the different motions of the bird during an 
alar evolution. 

Let na lecollect that in the curve which we are analysing all the mo- 
tions are the reverse of those which the bird really executes. Tbe two 
vertical oecUlationB,the great and the small, should then be represented 
by two downward corves. It ia easy to recognize them in the great 
onrve abo and the small cnrve ode. Thus the bird rises fVom a to ft, falls 
from i to 0, again rises from o to d, and re-descends from d to e; but these 
oscillntions encroaoh on each other, producing the loop od. The oscilla- 
tion ode partly covers the first anteriorly. This is a proof that the indica- 
tions of the curve are the reverse of the true motion ; for, at this 
moment, the bird recedes, or, at least, relaxes its course. As the appa- 
ratns is only sensible of changes of velocity, it is clear that the tracing 
does not take the uniform rapidity of the bird into account, but indt 
cates acceleration aa a forward movement and retardation as a retro- 
grade movement. This figure, then, sums up all the preceding experi- 
ments which we have made on the motions of.the bird in apace. It is 
here seen that the bird at each evolntion of its wings rises and falls 
twice, successively ; that these oscillations are nnequn! ; the larger, as 
we know, corresponding to the depression- of the wing, the smaller to 
its elevation. It is also seen that the ascent of the bird during the 
raising of the wings is accompanied by a retardation of its speed, which 
foatifles the theory by which this ascent has been considered aa made 
at the expense of the bird's acquired velocity. But this is not all ; this 
earve also shows us that the motions of the bird are not the same at 
tbe beginning and end of flight. We have seen already (Fig. 20) 
that the first strokes are more extended than tbe others ; we now see 
that at firsts— that is, at the left of the figure — the oscillations produced 
by tbe descent of the wing are also more extended. But theory fore- 
told that the oscillation of tbe elevation of the wing being derived from 
the acquired speed of the bird should be very feeble at the beginning 
of flight when the uuimal has acquired but little impetus. The figure 
sbowa us that this does happen, and that at the beginning of flight the 
second oscillation (which forms the loop) is very insignifleant. 

At last, then, we are in possession of the principal facts upon which 
the sta<ly of the mechanical power developed by the bird during flight 
can be established, and we see that it is during the descent of the wing 
tbaC the entire motive force which sustains and directs the bird in space 
ia created. 
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THE NORTHERN SEAS. 



Bt M. Babinst, of tli«Aeadmx <if Satmnta, 



iTranOatei for A» Snitiwoiriaw JnttifaCJOH.} 

Thanks to motleni voyages, particalarly since the many and praise- 
worthy expeditions in search of Sir John Franklin, we have to-day the 
assurance that the arctic pole is surroaiided by a narrow and coDtioa- 
ons sea, bounded on one side by the eternally congealed polar space, 
and on the other by Northern Barope, Siberia, or Northern Asia, and 
lastly all of America in the higher latitudes. A navigator starting from 
Donkirk, on the meridian of Paris, might proceed straight to the pole 
without encountering land, but stopped by the never melted barrier of 
ice J if he turned to the right toward the east, he would leave to the left 
and north Spitzbergen, aud to the left and south. North Cape. Passing 
over the White Sea, he would leave the Polar Sea of Europe at Nova 
Zembla ; then coasting along Siberia, he would come into the somewhat 
leas contracted basin beyond Bebriug's Strait. Then passing along 
Northern America, and descending considerably in latitude, ho wonld 
at last arrive at Lancaster Sound, through which the American Polar 
Sea empties into the great canal, separating Greenland from the New 
World. There the nav^ator would be obliged to descend greatly to- 
ward the south, in order to attain the point of Greenland, atter having 
traversed almost the entire polar circle. After passing through I>avi8 
Strait he would enter the basin between Europe and America, termi- 
nating the northern Atlantic, which has for its limits Labrador, New- 
foundland, Great Britain, Norway, the polar circle, Iceland, and lastly 
Cape Farewell, at the extremity of Greenland. This northern basia of 
the Atlantic, which communicates at the east and west with the glacial 
seas, has for companion and analogue the northern part of the Pacific 
Ocean, enclosed by Kamtchatka, Behring's Strait, Itossiaa and 
British America. It is not fully determined whether the Pacific sends 
tbrongb Behring's Strait a current of temperate water into the 
American glacial sea, as the Atlantic does to the glacial sea of the Old 
World, through the passage separating Cape North from Spitzbergen. 
As to the existence of a current, following the course we have just 
described as pursued by the imaginary navigator, compassing the 
polar regions aud moving always to the east, it is an undoubted fact, it 
seems to me, and at the seasons when the maritime regions traversed 
by this current are frozen, it neveri^heless continues its course under the 
ice. It should be observed that a similar current flows from the west 
toward the east, making the circuit of the other pole of the earth : but 
as the domain of the latter consists entirely of shoreless seas, it follows 
its course without interruption toward the east, and accomplishes its 
revolution without change of distance from the pole, its direction un- 
altered by projections of land, like that of Greenland, which, greatly 
complicate the mechanical circumstances, and modify the course of the 
two great oceanic rivers (an expression of Homer) wbicli I have added 
to the five great currents noticed in the admirable work of M. Dopeiiy of 
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oar institnte, and oonBrtned by the map of M. Findlay, pablished ia 
England in tlie Joaraal of tfae Royal Oeograpbical Society. 

The Dortbero basin of the Atlantic ia, aa I bave just said, entirely 
analogous to the northern basin of the Pacific. The whale, the seal, the 
porpoise, aod fisheries in general, attract the same Enropean and 
American navigators. The warm currents, ascending from the eqoator, 
produce upon the eastern and western shores of each the same climate 
and the same vegetation. 

Upper California and Oregon rival Western Earope, and when tlie 
hardy Bettlers of the Anglo-Saxon race have peopled the more northem 
shore of the Pacific basin, it will equal the Norwegian coast, where, 
aoiording to Horace, 

Ubi ScaodiadiTca 

Holecaa totom mittit piscow p«T orbem. 

""Where rich Scandinavia catches herring for the whole world," One of 
oar statesmen has predicted that here wul be the seat of civilization in 
1957. 

M. Arago has often said, quoting Napoleon I, that the moat powerM 
of all rhetorical figures is repetition. I therefore repeat what I have 
written before, that the superiority of northern climates over those of 
the south is due to the fact, that almost all the temperate water of the 
great warm current of the equatorial region ascends to the north, as in 
the Atlantic, by the Gulf Stream, giving to Norway the rich cnlture which 
was the admiration of the obser\'ers of La Beine Hortense in 1856, and to 
Oregon the giauts of the vegetable world, trees of 100 metres (330 feet) in 
height. Look at the map of M. Duperrey, who has discovered one of the 
three currents which carry the warm water of the equator to the south. 
Observe those three currents, that of the Indian Ocean, the South Pa- 
uflc, and Australia; marli the small amonut of water carried by them 
only a short distance from the equator toward the antarctic pole, while 
the two great aud powerful curreuts of the Atlantic and of the northern 
Pacific take from the equator even almost the entire mass of water of 
the warm current encircling the intertropical world, to transport it to 
latitudes in our hemisphere equal or siiperior to those of the north of 
Scotland. 

Notwithstanding the contents of many original memoirs upon the 
question of the excess of temperature of the northern over the southern 
hemisphere, what a display the world of compilers still make of wom- 
ont lumber, of superannuated opinions, relative to the causes which 
render our latitudes immensely superior in climate to those of the south. 
We complain of the inadequacy of literary criticism in our day, bat 
what may not be said of scieutific criticism, when we see the finest minds 
led by the best accredited works, in ignorance of the actual state of 
science, to repeat the echoes of the meteorological data of liiOO ! 

These prellminaiy remarks were necessary to show the importane*of 
all investigations made, or to be made, in the northern basin of the At- 
lantic. The fishers of the Scandinavian shores, and the whaling expe- 
ditions to Newfoundland, and the scaa separating Greenland from 
America, follow routes so UDiform, and deviate so little from the line 
leading directly to the scene of their tabors, that one is surprised at the 
iucompletenoss of the records of their frequent passages. They work for 
money, not for science ; the iield is therefore open to more disinterested 
explorers, and it is astonishing bow much more information ma^ be ob- 
tained from a single expedition of an intelligent tourist, than mim the 
periodical emigration and retnru of the seamen of commercial Europe. 
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The abort voyage of Prince lifapoleon stands first perhaps in importance 
for facts collected on onr polar seas. Claade has said that not to be bom 
a king is to be a fooL It is at least a great mistake for an explorer not 
to be a prince. The working force, iotellectnal and personal, of the ^reat 
astronomical observatories is spoken of as that of a fall of water or a ateam- 
engine ; may we not in a like manner calculate how many facts, observa- 
tions, drawings, and specimens of all kinds could be collected in a short 
time by an intelligent leader, with a select corps of seamen'and scientists, 
aided by every desirable means and commanding circumstances, rather 
than being controlled by themt An immense volume of eight faniidred 
p^es in which there is nothing snperfiuous, scarcely sufBces to contain 
the results of the rapid excursion of 1856. The arcbeological, descrip- 
tive, political and economical parts of the obser\'ations find no place in 
this volume, although they shonld have been included in its records. If 
to this already very voluminous record could be added an accurate de- 
scription of the rich collections brought back by the expedition, a nam- 
ber of curious facts might still be drained from it, and valuable samples 
given of the harvests ready to be reaped by local collectors or fUtore 
travelers. 

The publication describing the expedition of La Beine Hortense to 
the northern seas is divided into two distinct parts. The first consists 
of a rapid and sprightly narration of the events of the voyage from tlie 
oil mines of England to the country of Scottish clans; then to Iceland, 
Jan Mayen and Spitzbergen, to Qreenland, the Faroe and Shetland Is* 
lands, and lastly to the Scandinavian shores. A distance of twelve thoa- 
sand miles, accomplished in three or four months, is reviewed by the 
reader in six hundred pages. Then follow some scientific notices, in small 
teit, which I think may be considered very valuable acquisitions to the 
knowledge of the globe. The nautical record of M. Du Buisson, and the 
geological reports of MM. Chancourtois and Ferri-Pisqani, are especially 
remarkable for the number and interest of the scientific observations 
they contain. I observe with pleasure that the last mentioned of the 
three authors named has not fallen short of the estimate I formed of his 
capacity, as we discussed together the future labors of the expedition, 
and when he was not yet befone the public. With the mention of MM. 
De La Ronci^re, Laroche-Fonci^, and others who have not contribnted to 
this volume, hut whose observations are not less valuable than those of 
the authors of the scientific notices, it is evident that with a minimum 
of time the members of this expedition have accomplished a maximnm 
of useful labor. It is a matter of regret that an especial article, amon^ 
these excellent notices, had not been devoted to the magnetical observa- 
tions, bnttheynndouhtedly will be published hereafter. It is hardly neces- 
sary to say, that I will adhere to these scientific notices in what I am 
about to say concerning the voyage of La Heine Hortense in the north- 
era seas, and two English publications relative to those regions. 

lu regard to the currents of the ocean, several facts previously indi- 
cated have been confirmed by this expedition, hut in a question so com- 
plicated and so debated very definite information is required. We see 
the warm current leave America, pass below Sewfouudland, and arrive 
at Norway, after coasting alongthe south of Ireland, and passing throng 
the groups of the Fanoe and Shetland Islands. This benevolent dispen- 
sation of the tropical seas then proceeds northward, and at the latitude 
of Upper Scandinavia divides into two parts. One naif we shejl not fol- 
low for ; it passes into the glacial seas of Europe and Siberia, of which 
it somewhat modifies the climate. The other ascends, or did ascend two 
oentories ago, to Spitzbergen, and renders that region habitable by bears, 
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wala, porpoises, and whales ; then this part of the Gulf Stream turns to 
the left, descends toward Jan Mayeu aud Iceland, and passes between 
the latter island and the eastern shore of Greenland. By this return 
cDrrent floating wood is carried from the Gulf of Mexico and stranded 
upon the northern shore of Iceland ; a deserted ship seen twice by the 
BX|>editiou proved it« direction aud rapidity, which coasting atou^ the 
eastern shore of Greenland it also brings to Iceland large delds of ice, de- 
tached from the belt which renders the island of Jan Mayen inaccessible, 
and perhaps extends to Spitzbergen. This gloomy bordering of ice, whidi 
prevents the mariner from approaching the shore to which it adheres, is 
called " fast" or land ice, the debris broken off by the waves or by storms 
forms the field ice; which is generally not very thick, and the salt wa- 
ter of which it is composed loses somewhat of its saline properties 
in solidifying. The icebergs have an entirely different origin, they are 
the of^priog of the glaciers, and are* exclusively formed of fresh water. 
They are often several hundred feet io height, only abont an eighth of 
which ap)>ears above the surface of the water some of them are almost a 
thousand feet in diameter and are the most formidable moving masses 
to be found in uature. These flotillas of ice mountains are principally 
encountered in the arm of the sea separating Greenlwid from America. 
They descend with the current which passes through Davis Strait, and 
are sunk so deeply iuto the sea that very often they are carried by the 
corrvnt against the wind. It is a angular spectacle to see the berg ad- 
vance contrary to the superficial current jirodaced by the action of the 
wind, which the English call the "dritt.'' There is a kind of eddy, formed 
by the current descending Davis Strait, whii^ eddy or connter-curreut 
ascends northward along the west coast of Greenland, and here may be 
seen mimy of these floating monntains whirling abont. It may readily 
be conceived that these enormous masses, borne southward by the cnr- 
rentj would not melt btfore reaching the route pursued by the transat- 
lantic steamers between New York aud England. They are the terror of 
captains and passengers. A. sailor is constantly on the watch, and at 
regular intervals calls out to the captain " No icebergs, sir." The lose 
of many large vessels, which have suddenly disappeared, with no indi- 
cation of a storm at the time, has been justly attributed to these float- 
ing rocks, which no marine chart can record. It is a difficult matter to 
sail clear of an iceberg in foggy weather. From the observations taken by 
the expedition of La Iteine Uortense, relative to the conrse of the desert- 
ed vessel, which floated round the Bouthmn point of Greenland, and was 
stranded in one of the bays on the west coast of that country, f(rilowing 
the eddy formed by the current from Davis Strait, I should judge that 
M. Dnperrey and M. Finlay carry the Gulf Stream too far below Iceland, 
extending too much the counter-current between that island and Green- 
Jand. for according to their charts the disabled vessel descended sonth- 
wara entirely out of the latitudes of the land ice, near whi^ it was first 
seen. ' 

If you were to open the memoir of Dr. Rink, of Copenhagen, page 145 
of the twenty-third volume of the Hoyal Geographical Society, you would 
see there represented frozen rivers emptying inte the sea, deep valleys 
filled with ice, like our Alpi;ie glaciers. When these masses of ice, im- 
pelled by an irresistible force, which causes them to flow like ductile 
metal, are no longer sustainctl by the land and project out into the sea, 
they break off with a loud noise and thus nature forms her icebergs. 
One of these fragments, says Dr. Bink, if stranded on the shore would 
form a monntttin over a hundred feet high. The explorers of La Hoiifi 
Sort«nae saw some three times the height of Uoout Vul^rien abo^ tbe 
19 s 
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Seine. Imngine tfa&t motrntain, Been in perspective by the gay promeo- 
aders of the Bois de Boulogne, a inasa of bard aud compact ice, and some 
faint conception may be formed of these floating giants, which descend 
Davis Strait toward Newfoundland and the United States. I say this ice 
is bard and compact. La Iteine Hortense tried cannon balls uimn some 
of the impudent little bergs, which parade^l before her, without in tbe 
least disturhing their promenade. Just as in ghostly legends a spectre, 
shot through tbe heart, says coolly to bis trembling antagonist " Fire 
away." 

The expedition set the good example of throwing into the sea blocks 
of wood, with a hole in them, contaiuiag a vial with a papej- inclosed, 
on which was recorded the date and the geographical position of tbe 
place where the bottle was dropped. Several of these indicators have 
been picked up and transmitted to the French admiralty, with the date 
and place of their landing. To test the current flowing toward the east 
and passing along Siberia, a number of these bottles should be thrown 
into the strait which, eastward of tbe White Sea, divides the continent 
from Nova Zembla, and they will reappear in Bebring*a Strait, where it 
has been said whales have been caught still carrying the barpoous with 
wbidb tiiey had been pierced in the Spitzbergen Seas. 

The expedition has proved by unanimous testimony the deterioratiou 
of the climate of Greenland, Iceland, and Spitzbergen. In Greenland, 
at a short distance from the shore, there is now only one immense 
glacier, like those of the Alps. Mountains and valleys have disappeared 
under the level of snow and ice, aud the astronomers of Mars and 
Veuus, who draw or photograph our planet, must be astonished by this 
Buperabundauce of arctic suow, which never melts, even when that of 
Russia, Siberia, and Canada baa disappeared in the rays of the summer 
Bun. 

The " fast" ice which to-day surrounds tbe island of Jan Mayen, half 
way between loeland and Spitzbergen, renders inaccessible the east 
coast of Greenland, and sometimes extends to the north coast of Ice- 
land, a circumstance which never bapx>ened in former times. Whalers 
DO longer go to Spitzbergen, whose seas areas d<>[>opulated as its plains, 
where the snow has ceased to melt. What is the cause of an effect so 
disastrous, which threatens at some future time, more or less remote, 
to drive from Iceland the starving population of about sixty thousand 
inhabitants, which it feeds to-day, or rather does not teeil, since it is by 
fishing that the Icelanders mostly obtain the insufUcient nutriment by 
which they are barely sustainetl, even with the assistance of tbe Daaish 
government T If the fast ice should inclose Iceland, as it has the island 
of Jan Mayen, what would become of the Icelanders 1 

Hypotheses have not been wanting to exi>Iain this deterioration of tbe 
climate of Greenland, now buried under a compact mass of ice and 
anow, fifteen or sixteen bandred feet in depth. It baa been generally 
observed that tbe shores of tbe Baltic, of Scandinavia, Iceland, aud 
Greenland, are rising. In one of the bays of the latter country, tbe ex- 
pedition found water-worn pebbles at an elevation never attained by 
the present sea. Tbe ancient banks of the Norwegian shore are in some 
localities three hundred feet high. It has been supposed that the rising 
of the bottom of the sea may have arrested tbe ice descending from the 
north, and caused the present accumulation between Iceland and Oreen- 
land. This hypothesis, I think, is not admissible. The belt of ice bor- 
dering Greenland doe« not, in the least, resemble tbe masses of ice which 
the winds aud currents sometimes accumulate in the gulfs of tbe imlar 
aeaa. I think tbe true cause of the deterioration of Uie climate of. the 
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Atlantic polBr seas is the dimioatioQ of tbe Oalf Stream, the rising of 
tUe bottom of the sea, giviag less depth to the bed of the cnrrent, tendB 
to lessen it. Formerly the temperate water ascended to Spitsbergen, 
giving life to the cetacea, birds, and quadrupeds of its rugged peaks, 
and then descended toward Iceland. This circulation of warm water, 
I say, being dimiuiahed, no longer compensates, as in former times, for 
a too close proximity to tbe pole, and the climate of this entire ba^in 
has in conaetjuenee deteriorated. We may boldly affirm that tbe ciir- 
lent passing around Xoith Cape is fesseniug, and if it were sounded vntb 
a thermometer, as did M, De Laroche-Poncie a few years ago, it would 
be found to lose every ten years in heat, consequently the Bbores of the 
White Sea must undergo a similar decrease of temperature. Nothing 
has ever been done seriously and in concert to make us ac<]nainted with 
our world meteorologicaily. Should an inhabitant of the moon — a La- 
nite, did any such exist — be transported to us here below, we coidd tell 
him the distance from point to point in the moon ; the height of its 
mountains, tha form of it^ craters, the clefts in its soil, the undulation 
of its plains, the level of its plateaux, the flow of its streams of volcanic 
lava, and even the effect of the solar heat during its semi-monthly nights 
and days. But, unhappily, if he wished the inhabitant of the earth — 
this magician who knew so muoh about the moon — to enlighten him. in 
regard to physical geography, he would be greatly surprised to hear bis 
learueil man respond to almost every question, "1 do not know," The 
Lunite would form a poor opinion of a people who, while confessing the 
importance, knows so little of the causes of the meteorological changes 
coutrolling the fertility and the productions of the soil, upon which de- 
pends the material subsistence of the human race. 

Le Seine Hortense records this important observation : In 18S6 the 
wind in the latitude of 50° or 60° blew constantly from the east, while 
ill tbe preceding years the contrary was the case. It was the relnpseof 
the current which caused such great inundations in France in 185U, and 
the return of the wind to its normal direction restored to tbe seasons of 
Europe their natural course. The prediction for 1857 which I drew from 
these facts was accomplished; but although I boldly announced it in 
Aagust in an address before a formal session of the five academies, I must 
confess I am much more coniident now than I was then in the ncutencss 
of my conjecture. My confreres, the astrologers, may be encouniged to 
pretlict at random. If they make mistakes their blunders will be over 
looked, while at a successful guess the world will cry, "a miraclel" In 
184(i I foretold a rainy winter, ou account of the position of the whales 
off tbe bank of Newfoundluid. My prediction was verified and highly 
honored; but when from some other circumstances I made a prophecy 
concerning the following season, meteorology gave me the lie direct. 
"When to the congratulations upon my sagacity in regard to 1840, 1 
opposed my mistake for 1847, noboily remembered that checkmate. The 
human mind seems to be such a friend of error, that when it is not indi- 
vidually deceived, it is enchanted if some one will take the trouble to 
delude it. 

As to the question whethertbe regions under discnssion will continue 
to degenerate, or whether an unfavorable period may not be followed by 
afuvorable cue, I answer there is very little hope of tbe latter; and here 
are my reasons for such an opinion : In attributing to the rising of the 
bottom of the Icelandic Sea, the diminution of the warm current by 
which France and England profit, as they receive a larger share of the 
temperate water of the Gulf Stream, the question arises whether ttuB 
riaiug will cease or continue. Mow, it la to be presamed that if the canse 



292 THE NORTHBBN SEAS. 

witich at the oommenoetnent of tbe present order of nature condemned 
to aterility Scandinavia, Iceland, Greenland, and the western coast of 
Europe, still preserves a residue of action ; that the effect of aacli a ca- 
tastrophe shonld be very slowly completed, is in accordance with the 
meohauical law controlling the interaction of flexible bodies — and there 
are no other in nature. Place a weight upon the end of a spring and 
the latter will be bent to a certain extent, but leave the weight apon 
it and stitl more fiexion will be added to the effect already obtained. 
Notwithstanding aasertions to the contrary, I maintain that along the 
coast of France the continent truin century to century is slowly rising, 
and that the ocean in consequence seems to retire. 

The rich collection brought back by Prince Napoleon, and exhibited 
for several months in the Palais Koyal, offers a useful hint to observers 
in general. The specimens from England, from the Faroe Islands, from 
Oieenland, and even those from Norway, were arranged separately. If 
a list of the minerals which are found at each place had been added, the 
representation of each locality would have been complete. The tight 
died by this short and rapid voyage on every point would, of course, be 
greatly increased by local observers stationed along the route traced. 
Science, however, is thankful for any addition, however smallf to her ao- 
quiremeuts. It is a mathematical axiom, "that there is something more 
valuable than a thousand pieces of gold — that is, a thousand aud one 
pieces of gold." 

The physical coustitution of Iceland and of Oreenland, in the puhlicA- 
tion under ooosideratiou, is discussed in two short articles from master 
hands. I see nothing in them to dispute, and I may say, nothing to be 
adde<l, in spite of the axiom Just repeated. Honor be rendered for them 
to M^. Ferri -Pisani and Obancourtois, boUi of our polytechnic school. 
In regard to the ice of Oreenland 1 must remark upon tbe mournful 
condition of a land invaded by snow which is i>erpetual, or which melts 
only during a very small part of the year. The heat of the sun in sum- 
mer cannot aQ'ect the soil, since its action is absorbed iu meltjug the 
stratum of frozen water; and in the cold season, on the contrary, the snow 
and ice decreasing indefinitely iu temperature, take away from tbe soil 
even the small amount of heat it may have retained. Thus, for example, 
in tbe Auvergne Mountains 1 have found places where tbe ground was 
perpetually frozen even when free from snow. Tbe small streams of 
water just imder the soil were at a temperature about zero, and at a 
certain depth they wereeven colder. Thus, also, during the constant night 
of an arctic winter the ice which covers the unfortunate conntry of 
Greenland, decreasing constantly in temperature, transmits its coldness 
to the adjacent soil ; whereas in melting under tbe oblique and feeble 
rays of the snmnier sun, its temperature never rises above zero, and the 
soil therefore receives no heat above zero, while the cold which has been 
transmitted to it may have been fifty or sixty degrees below that of the 
melting ice. Surround a thermometer with ice and place it alternately 
for au hour in a place twenty degrees above aud then in a place twenty 
degrees below zero, and you will bnd tbe mean will be below zero. The 
experiment may be made more conveniently with wax. Spermaceti, or a 
stearino candle, and by the selection of two places, one above and tjie 
other below the melting point of the substance emi)loyed. If a naked 
bulb thermometer is used, tbe two effects will be exactly counter- 
balanced. 

The action of tbe interior of tbe earth upon its exterior eovelope — a 
&ct fully established by Humboldt — is brought iuto full light by the geo- 
logical notices of the voyage. If we add to the igneous fluid, the exist- 
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eoce of which is admitted by all the world, the circamBlaiice indicated by 
Laplace, oamely, that the interior fluid below the lava upon which floats 
the continents ia in a state of an elastic liquid, that it is a kind of com- 
pact gas, having for uieasui-e of its immense elasticity at the center the 
weight'of half the tliickness of the globe, all mechanical difficulties disap- 
pear. The erosive action of steam and of gases is admirably treated in 
these notices of the voyage. As to the supposition formerly entertained, 
that steam might have raised the beds of continents, this conld only have 
taken place when the thickness of the solidified crost was equivalent in 
weight to fourteen or fifteen hundred atmcepheres; that is to say, to the 
maximum tension of steam. So that when the solid envelope was more 
than six kilometres (4 miles) in depth it conld no longer be ruptured by 
the subterranean steam. We now know that this envelope ia more than 
fifty or sixty feet in thickness. I have recently received irom the royal 
astronomer of Scotland, Mr. Fiazzi Smith, son of the admiral who has 
rendered that name so illustrious, a series of admirable photographs of 
the lava of the peak of Teneriflis. We still seem to see here in these 
excoriated masses the effect of the corrosive gases driven out by the 
laboratory of volcanic action, through the fissures formed by the trem- 
bling of the earth. In relation to these terrestri^ convulsions, produced 
by chemical action, we involuntarily recall the death of Pliny, suftbcated 
in the dense gaseous eruption of Vesuvius, in the first century of oar 
era. 

I leave with regret the picture of the primeval world given in one of 
the scientific notices. If this excellent article were developed it would 
make two fine volumes. The technical words, even, are rendered intel- 
ligible. It shows us the earth progressing in form in proportion as it 
cools, and pictures the ulterior forms of things. 
Et rerum panlntim Btunero formaa. 

It contains a representation — a very goo<l one, I should think — of the 
mode of action of the great geyser of Iceland, so closely observed by M. 
Itescloizeaux, which from time to time hurls into the air a column of 
boiling water equal in diameter to the orifice of the pits of a large mine, 
and in height to the towers of Xotre Dame. Banks and Sotandcr cooked 
their fish in it. The merry band of Prince Kapoleon, sobered no doubt by 
a ride of several hours on the gallop in the ram, followed by a bivouac iu 
damp clothing, with the exception of a punch made of the boiling water, 
indulged in none of the eccentricities suggested by solemn British 
phlegm. Our Frenchmen found at the geyser a tourist, a young Lord 
Dofferin, with his tent, who had been waiting several days for one of 
the paroxysms of the volcanic well. It seems the arrival of our travelers 
decided the geyser; the fountain of boiling water shot up into the air 
higher than could be measured by the eyes of the spectators, who were 
stationed too near. The drawing of this beautiful phenomenon em- 
bellished the public exhibition in the Palais fioyal. "Can it be cor- 
rectT" asked the visitors, who examined this accurate crayon sketch. 
Id specifying what a geyser is, according to the theory which Captain 
Ferri.Pisani offers iu regard to this volcanic eruption, I cannot do t>etter 
than compare it to an enormous mauoscope of water, above the boiling 
point, when hurled into the air by the subterranean steam produced by 
the volcanic fires. Happily it falls directly back into the tube from 
whence it was momentarily expelled. After this excursion a bill of 220 
francs had to be paid for the grass eaten by the hundred horses of the 
cavalcade. Grass in very rare and very dear in Iceland. But I must 
«OQfine myself to acientiflc facts. /-- « -jlo 
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In connection with Iceland and tbe volcanic world, I may as well 
explain here tbe formation of Fingal's Gave, of wfaioli my readers hare 
probably Been numerous en^raviDga. In thia deep grotto, which is 
- entered by a boat, immense basaltic columns rise to the right and left 
of the ex[>lorer to a great height, and support a roof formed of tbe . 
pendant remains of similar columns. Tbe theory of the formation of 
this natural curiosity is not more complicated than that of our ordinary 
caverns. In the latter the primitive disturbance of the locality raised 
the rocky mass in one unbroken piece, except at the part corresimndiog 
to the mouth of the cave. There the stratum of rOck disturbed did not 
follow the part lifted up, and a separation consequently ensued between 
the portion raised and ttiat remaining in place. This is so evidently the 
case that traces may be found by close examination of the former 
juncture of the rock forming the floor of the grotto, and that of its roof; 
corresponding creases and salient points in each attest their former 
union. Sow suppose tbe same operation to take place in a locality 
covered with the beautiful basaltic columns fonned by the contraction 
and solidification of tbe primeval lava. If while the larger part of the 
colonnade was elevated, a portion refused to follow the general move- 
ment, a cavity would be formed, the upper parts of the immobile col- 
umns would form the roof, and tbe lower p^rts which retained their 
original position would constitute tbe floor of tbe cave. Caverns of this 
kind exist in the sides of the basaltic hills, disturbed by the action of 
the ancient volcanoes of Au\-ergRe. In most cases, as in the cave, or 
rather the caves of Fingal, for there are several of them, the basaltic 
rock attained its greatest elevation immediately back of the opening of 
the grotto, which is consequently higher in iVont than at the back, Opeu 
moderately the long jaws of a hnnting dog, and his beautiful teeth 
above and below will give a very good idea of the divided trunks of the 
basaltic columns forming the celling and pavement of the grotto, while 
his two fangs, extending from jaw to jaw, represent very well the 
columns which have remained intact, and support the vault formed by 
- those which have been separated into two parts. 

Tbe theory in regard to tbe fossil wood of Iceland, as given in the 
exposition of the voyage of La Heine Eortense, appears to me well 
worthy of confidence, and, as usual, one truth leads to another. If, for 
example, we admit that this wood was brought to the island by marine 
currents, the various elevations at which it is found may afford a 
valuable indication of the rising of the ground. The report of tbe 
expedition is silent in regard to the rising of the Faroe Islands. When- 
ever a good measure is initiated by an expedition it finds continuators, 
and science is as much benefited by the work iuduced, as by that 
actually accomplislied. Natural ]thilosophy does not lack encourage- 
ment and appreciation, and it pays in renown every attempt to assist 
its progress. It has been said science has no special puj)lic, but the same 
may be said of the pulpit and the bar. 

France ought not to forget that she is the Aroopagus of glory. "If I 
dared," said Frederick the Great in a letter to Maupertuis, on the 12th 
of March, 1750, "I would say confidently to yon Frenchmen what Alex- 
ander said to the Athenians ; What pains I take to be praised, by yon !" 
It is evident &om the nautical report that if La lieine Hortense was 
not crushed by the ice, it was not the fault of the temerity of the na^i■ 
gators, which was counteracted, it is true, by .a most active and jndi- 
cious supervision. The poor Saxon, which carried supplies of coal, did 
not escape as well. She suffered from the touch of a very gentle ice- 
berg. Happily she was sot utterly destroyed. I congratulate myself 
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upon Imving remonBtrated with the expedition npOD the impradeoce of 
HQCb a crni^ aloDg the f&st ice, which always produceB fog. HoweTw, 
onr mariners, more skiltt'ul eveu than iniprudeDt, have retnraed, and 
^ven ua a beaatitiil volume, which does uot coDtaiii the half of what 
. they could tell us. Ooe thing la to be regretted, ttat ia, the Bmall num- 
ber of soundings taken. The question of transiitl antic commuiiication 
by meana of a submarine telegraph renders very important the deter- 
miDation of the depth of localities where the cable may be laid. The 
deptha meaanred were generally great. 

Another voyage, tliat of an American, a viait to the people of the 
north, would deserve more than a simple mention of it by me if acience 
held in it a more prominent place. Mr. Brace's book posseasea the rare 
advantage of being written by a tenrist who saw more than the inside 
of inns. He sought the people at home, to boiTow a word from the 
, title of hia book. It ia intereating to view the Scandinavian country 
through the eyes of a citizen of the United Statea, and I repeat that the 
author has brought us more than any other in contact with the people 
of every grade. "Paris seeu in .eight days" is the title of the guide- 
book given to strangers. Could anything be more absurd t Between 
an excursion to Versailles and an exhibition at the lioyal Theater, we 
receive a visit from an EngUeth family, out of health, but with a fearful 
amount of curiosity to satisfy. After a few words about their over- 
whelming fatigue, they set out again to see more, if seeing it can be 
called. An English tourist is reiKUted to have aaid to a compatriot, on 
coming out of the picture gallery of the Louvre, "Ah! my friend, what 
an admirable collection ; I have taken an hour to see it, and you know 
I walk fast." But joking aside, Mr. Brace's work deserves to be trans- 
lated into French, It possesses all that can be favorably said of a book 
of travels. The number of those who publish worka of tbia kiud is to 
that of real observers, as the number of true poets is to that of mere 
verse- makers. 

Let ns now conclude this review of the voyage of La Beioe Eortenso. 
The captain of the vessel, and the ofScera supi)ortiug him, under the 
direction of the head of the expedition, have giveu proof of a high degree 
of genina for arctic exploration. Frauce should not allow such talent to 
be dormant. We knowin whatestimationNapoleontlieFirstheldlucky 
men ; he considered them especially skillful. Now our mariners were 
very lucky and also very skilU'ul. Their ability ought to be employed, 
and that in the line of their specialty. See what a very interesting 
region remains to be explored. 

In entering into the glacial sea on onr meridian, but on the other aide 
of the world, which is at noon when we are at midnight, through Bch- 
ring'B Strait, we find, by ascending to the north and west, in the Siberian 
seas, a basin extending to the islands called New Siberia, which has 
been but little explored. It is here that from time immemorial the race 
analogous to the Esquimaux of Europe and America have sought, every 
winter, the antediluvian ivory which rolls upon our billiard boards, in 
conjunction with that of the contemporaneous elephants of Asia and 
Africa. These islands were the catacombs of the primitive animal world. 
I had hoped tliut Prince Uemidoff, who promised ua an expedition by 
land to Siberia, would have given us the key to this great enigma of 
nature; hut a maritime expedition would be much more efficacious. An 
especial commission should be sent to Sijuey-Kolymsk and the island 
discovered by Liakof in 1770. Something ought to be added to the 
knowledge obtained in 1804 of the mammoth preserved intact by the 
cold. Treasures of organic arcbseplogy are hidden in the three or four 
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islands of the group tneationed. If, according to M. Gnizot, seconded 
by Mr. Airy, France is the pioneer of science, she ought not to be igno- 
rant of what it is in her power to know. 

I have not noticed various questions concerning the aurora boreaJia, 
tenestrial magnetism, gravity, and physical geography^ which this ex- 
pedition might solve, and I a«k pardon for not having given tliese sng- 
gestioDS as those of MM. Duperrey and PetitThouars, whose names 
would have much morei weight than my own; but in the domain of 
science the sovereign empire is that of truth. One curious fact among 
the observations of La Beinc Hortense I omitted to mention, which is, 
that in the arctic seas visited the magnetic needle, which here points to 
the north, turned to the west, or even worse than that. M. Duperrey 
should be fumishod with the means of publishing his magnetic charts, 
which extend to 1860, and of thereby giving to the twentieth century, 
DOW BO near, data for which not only that but centimes to come will be 
gratefol. 
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REPORT ON THE TRANSACTIONS OP THE SOCIETY OP PHYSICS AND OP NAT- 
URAL HISTORY OP QENEVA,*FROM JUNE, 1868, TO JUNE, 18G9. 



By Dk. H. C. Lombard. 



[JiraMlaied for Ike SritUk»o»imIiulilutiiMjh>mth«mtmi>iri«/ tilt loeittg! G«iM«a, 1669.] 

I am aboat to perform the last act of tlie presideacy witli which my 
highly respected colleagues have been pleased to honor me, by render- 
ing an acconnt of our transactions and of the changes which have 
occarred in our society daring the academical year which now draws to 
ao end. 

Death, that visitor who is almost always unlocked for, has robbed as 
of several members, emeriti or hoaorary. In the first category, we 
recall H. Isaac Macaire, who, aft«r being long one of our members in 
ordinary, was, at his own nsquest, classed in the number of the emeriti. 
In the second category, or tliat of honorary members, we have to record 
thi^ individuals whose labors have contributed greatly to extend the 
boundaries of the natural and physical sciences, and whom we had tbe 
honor to number among our correspondents. I speak of MM. Von Mar- 
tins, Matteucci, and Forbes. But if our ranks have sustained some 
losses, the vacancies thus left have been promptly filled, uot, indeed, 
by savants already numbered, like the lionorary members just named, 
in the first class, with whom our new colleagues would not excuse me 
for instituting a comparison, but by four members in ordinary, most 
of them young, and bearing names endeared to us by more than one 
title. One of these. Professor De La Harpe, already an at^unct of the 
society under the title of associate, became a member in ordinary in the 
coarse of the winter, after having read an original essay on a question 
of mathematics. Of tbe three others, who are still of an age which 
promises a longer career than remains for most of us, one has takeu, 
after several years interval, the place of a colleague regretted by each 
of Qs. It is with great satisfaction, therefore, that we liave eurolled in 
onr society a second Dr. Jean Louis Prevoat, devoted, like bis prede- 
ceasor, to the researches of ex|>erimental physiology. The second of our 
young members, M. lilruest Fiivre, in taking his place among us, renews 
the traditiou of those geological researches which earned an honored 
name for his father, Professor Alphonse Favre. Finally, if the last of 
6ur young members, M. Edonard Sarasin, has no direct ascendants in 
tbe cultivation of tbe sciences^ he numbers warm friends in those pur- 
suits, who will aid liim in opening a path of his own in the physico-cliem- 
ical studies to which he has e^arnestly devoted himself. 

After this summary review of our losses and acquisitions, let us recur 
to the former and briefly recount the labors of those whom death has 
removexl from us. 

M. Isaac Francois Macaire was born, in 1790, at Geneva, where he 
fulfilled the customary circle of academic studies. He succeeded his 
father rs pharmaceutist, and availed himself of that circumstance to 
apply more e8i>ecial)y to chemistry and the natural sciencea We need 
not recall here the obligations of chemistry to the laboratori^ of phar- 
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macy; it is sufficient to name Seheele and Sir Humphrey Davj-. Oui 
late colleague found, in Pyrame De Candolle, Gaspard De La Eive, and 
Alexander Marcet, friends and enlightened counseliorB, by wliom tbe 
first steps of liis scientiflti career were greatly facilitated. Iteceived, 
when very youug, as a meml>er of our«ocicty, (1^-1,) he fnrnished fre- 
quent communication 8, which were printed in the Annates 4e Chimie et 
de Physique or in the Bihiiothique Unirersclle. His first essays were 
chiefly directed to the analysis of minerals and to researches in vegeta- 
ble physiology, in connection witb which he gave especial attention to 
the autumnal coloration of leaves. His inquiry respecting the phospho- 
rescence ofthe lampyris or glow-worm was widely noticed, as was also 
a memoir relative t^ the action of poisons on sensitive plants, which 
formed a sequel to the analogous researches of M. Franck Marcet. In 
conjunction with the latter, Macaire condncted many interesting investi- 
gations on the conixwsition of orgiiuic sabstances and on certain special 
questions in chemistry. Xamed, in 1836, adjunct professor of medical 
chemistry, he gave at the academy a course of toxicology, as he had 
previously given courses on api)licd chemistry, before 'tbe Society of 
Arts, of which he was a member from 1830. He was, iu addition, one 
of the most assiduous collaborators of the Bibliothique Universelte, for 
which he prepared numerous scientiHc articles, as well original as bib- 
liogrnpbical. 

Summoned in tbe midst of his scientific career to tahe part in the 
state councils, he yet found time, notwithstanding his many administra- 
tive occupations, to cultivate his fovorite science- Isaac Macaire be- 
longed to that generation of savants, daily diminishing in nnmlier, who 
were the first pupils of the distinguished professors by whom Geneva 
was Jidomed during the early years of the restoration, and who, conse- 
quently, bore a part in the awakening of the scientific movement of 
that era. The sacred Are then kindleil was guarded by him with all 
that ardor for science which was the predominant characteristic of the 
period. He loved to recur to those happy times of his youth when the 
eminent men whom Geneva then possessed diffused an atmosphere of 
intellectual good-fellowship which it was gratefiil to breathe. 

Of our three honorary members removed by death, the oldest was Dr. 
Charles Frederic Philippe Von Martius, who was bom at Eriangen in 
1794, and who became a member of our society in 1821. The name of 
this celebrated botanist is associated with his great scientific expedition 
to Brazil and with the publication of numerous and highly esteemed 
works which have largely extended our knowledge of the tiora of the 
tropical regions. After having traversed the most remote parts of that 
vast empire and ascended tbe Kiver Amazon to the frontiers of Peru, M. 
Von Martius, in company with M. Von 8pix, transmitted to Europe the 
rich collections now deposited in the royal museum of Munich. The 
premature death of M. Von Spix threw the whole burden of editing and 
publishing this scientific exposition on M. Von Martins; hence be was 
obb";ged to call to his assistance several collaborators and, among others, 
our fellow-countryman, M. Agassiz, who thus led the way, by the de- 
scription of the fishes of Brazil, to that more profound knowledge of this 
immense empire which be has acquired in a more recent expedition; an 
expedition in which every facility for his studies as a naturalist was 
placed at his disposal by the liberality of the authorities of tbe country, 
no less than by the pecuniary aid of a wealthy citizen of the United 
States. 

Bat what has earned a distinguished name for Yon Martins, besides 
bis analytical genius, his admirable descriptions, his spiift of general- 
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ization, are three great works, any one of which wonld have Bnfflced to 
confer celebrity as a botanist The Nora genera et species plantarum 
BraHlieimum formn three volames in folio, illustrated by three hundred 
plates execated with great care. The Miatorut naturalig palmarum is 
aim composed of three volumes in folio, embellished with two hundred 
and forty-five plates, mostly colored, and some of them representrng 
Iandsca])es which show, together with the aspect of certain palms, the 
port which they fulfil in the vegetatiou of diflereut countries. Lastly, 
the Flora broHliengis, a work also in folio, embellished with plates, has 
reached its sixteenth volume, and will be continued under the care of 
Dr. Eichler and the auspices of the Brazilian goverument. 

Such are a few of the works of M. Von Martius. It will be understood 
from this very incomplete enumeration why I felt authorized to say 
just now that our society was honored by counting so distiagiiished 
a botanist in the number of its honorary members. K. Von Martins 
was permitted to continue his scientific labors to a very advanced age, 
retaining to the last the vivacity of his mind and that love of study 
which enabled him to accomplish so many valaable labors. But it has 
been our privilege to appreciate in the savant the man of kind feeliugs 
as well au shrewd observation through the extracts which Professor Do 
Cundolle has communicated to us from liis letters, in which humor dis- 
putes the palm with originality, while he expresses his thoughts some- 
times in French, sometimes in Latin ; commencing a phrase in one of 
those languages aud finishing it almost without transitiou in the other. 

M. Von Martins breathed his last December 13, 1808, at the age of 
seventy-five years, encircled with the esteem of bis fellow-citizens and 
the respect of the botanists of all countries. 

The career of Carlo Matteucci was shorter, for he died at the age of 
fifty-seven years, when a long continuance of his scientific and admin- 
istrative labors seemed still to await him. Devoted, like his predeces- 
sors and compatriots, Galvani, Volta, Nobili and Melloni, to the stndy 
of electrical phenomena, Matteucci communicated a strong impulse to 
the scieuce which he cultivated with so much zeal. From the first, the 
chemical phenomena of voltaic electricity attracted his attention, and 
be demonstrated, in 1836, that the interior chemical work of the pile 
is equivalent to its exterior work. He studied successively the propa- 
gation of electricity in liquids, whether in a state of continuity or 
separated into compartments by metallic diaphragms. But it was espe- 
cially by his researches on animal electricity that the name of Matteucci 
was rendered illustrious; researches which, first directed to the torpedo 
and the electrogenous apparatus of that fish, which he discovered to be 
under the influence of the fourth cerebral lobe, were afterward extended 
to other electrical animals, resulting in the detection of the curious 
phenomenon designated by him as inducted contraction. These researebes 
in electro- physiology had led M. Matteucci to recognize, not only in 
electric animals, but in all others, a muscular cnrreut whose direction 
and intensity be made the subject of exact stndy. Often in conflict, 
as regards these delicate inquiries, with a German savant, M. Dubois- 
Baymond, be was ander the necessity of greatly varying his experi- 
ments in order to arrive at a clearer demonstration of the phenomena 
ivhich served as a basis for'his Treatise on the electrophysiological phe- 
nomena of animals, published in 1844, and his Course of electro-pkysi- 
oloffs, published in 1857. The death which we are thus called to record 
is that of an eminent physiologist no less than distinguished physicist. 
Sia name was enrolled in our society in 1834, and most of us preserve 
a lively recollection of his kiudiiness of mauaer and of the judicious 
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remarks with which he acoompaaied the readiug of the memoirs at the 
Bessious ia which we had the pleasure of meeting him. 

At the mention of Professor James David Forbes we flad ourselves 
in some sort at home, since, besides not a few investigations in pare 
physics, a great part of the researches of this learned Scotchman had 
for their object our mighty Alps, with tbe glaciers which cover their 
summits, and descend into their valleys. It was from no superficial 
inspection that Forbes described the geology of these mountains and 
tbe movement of the glaciers; like de San^sure, upon whose labors he 
Beams to have modeled his own, he has given us hia Travel^ >» the Alpa, 
founded upon very numerous excursions, as stated by himself in a pre- 
face written in 1843: "It was my privilege to receive, in earliest youtb, 
tiie most vivid impressions from the contemplation of mountain scenery, 
and I have reneweii those impressions in after-life, by traversing the 
chain of tbe Alps twenty-seven times by twenty-three different passes, 
and exploring all the lateral valleys of tbe great central group of 
Europe." It was through these multiplied eKcursioaa, which were 
repeated nearly every year since 1843, that Forbes was ennblcd to 
deduce his theory of the movement of glaciers, which he compares to 
a river descending slowly into tbe valley. But hia explorations were 
not limited to the Alps ; they were extended to tbe volcanic regions, 
both ancient and recent, of the Oulf of Naples and of Ardeche, as well 
as to the glaciers and fiords of Norway. Unhappily, the tirst germs of • 
consumption were developed in his system during these lastmentioned 
excursions ; and it was this disease which conducted him to tbe tomb, 
December 31, 1868, at tbe age of fifty-nine years, after long sufferings, 
partially alleviated by iatervahi of comparative good health. 

Professor Forbes was a member of our society from the year 1833. 
He was often present at onr sittings, giving us the earliest fruits of the 
observations which he had just made in the neighboring Alps and com- 
municating them to the public through the medium of the Bibliothiqite 
UniverselU, as well as the scientific collections of his native country. 
Some idea of the great intellectual activity of one who died when still Id 
the fiowcr of his age may be formed from the fact that bis bio'grnpber, 
M. Iteikie, has recorded the titles of one hundred and forty-two works 
or memoirs which he had published ; of these I shall cite but one as 
specially interesting us, namely, a biographic notice of our colleague, 
Frofiessor Necker. 



After these biographical and administrative details let as pass to the 
proper labors of our society, and commence with the physical and math- 
ematical sciences. 

5 1.— Astronomy. 

Professor Gander has continued to make the society acquainted with 
the progress of astronomy, and particularly with that remarkable class 
of recent investigations to which tbe employment of the spectral method 
has given rise. The observations of the eclipse of the 18th of August, 
1868, as well as the study of the constitution of the sunj and other ce- 
lestial bodies, have formed the subject of the greater ytart of his oom- 
mnnications. M. Soret has also occnpiod our attention with the chem- 
ical composition of the solar atmosphere, the exterior strata of which 
seem to contain only hydrogen and not a multiplicity of gases or vapors, 
a fact which has been brought forward by certain persons as an objec- 
tion to the theory by whiob M. Kiroboff has explained the black Btiipes 
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of the spectmm. Bnt if it be admitted that in an assemblage of gases 
each of them may act singly, it wonid follow that the atmosphere of hy- 
drogen, by reason of the t*ieble apeciflo gravity of that gas, mnst ex- 
tend much further than those of the othervapors, and form,con8eqaeDtJy, 
the exterior envelope of the son. 

§ 2. — Meteoboloot. 

Professor Oantier read to us an extended notice on the fourth year of 
the thermometric and plnviometric observations made at the seventy 
Swiss meteorological stations, and also on some other analogous labors 
of MM. Wolf, Flantamoor, Margaet, Hirscb, Fietz, &c. This notice, 
forming a ser|nel to those which M. Gantier had drawn up on the first 
three years of observation, has been published in the number of the Ar- 
chives del sciences physiques et naturelles for November, 1868, 

The meteorology of different regions has formed the snbject of some 
interesting communications. Professor Marcet has related to us his im- 
pressions regarding the climate of Egypt, where he had resided for sev- 
eral months. He was especially struck, in ascending the Nile, at the 
excessive differences which exist between the maxima and minima, 
according to the hours of the day. In the month of January it was 
very difficult to support the heat of the son at 27°, (80° F.,) or even at 
VSP or 23° (72° or 73o F.) This is referable, doubtless, to the extreme 
dryness of the air. It scarcely ever rains, in fact, in Upper Egypt and 
Nnbia. The assertion of Herodotus that it had not rained at Thebes 
since the time of Psammetichus, that is to say daring five centuries, 
is, DO doubt, exaggerated, but it is not the less trne that rain is 
extremely rare in those countries. The dragoman of Mr. Marcet had 
seen rain fall bat once in fifteen or sixteen years. The radiation 
produces an extreme coldness at the rising of the sun. It appears that 
at Ismaila, where many plantations have been formed since labor was 
commenced on the canal of Suez, it rains more fluently than of old. 
In higher Egypt and Nnbia the sky is almost always clear. M. Mar 
cet observed clouds, but he believes that it was a misty appearance pro- 
duced by the iCamnn. 

A summary of meteorological observations made at Hayti during five 
years was communicated to as by Professor Gantier ; the extremes of 
temperatnre observed in that space of time were 13°, 5° and 38°, (^56°, 
41°, and 100° F.) M. Gantier has received the commencement ot ob- 
servations made, at his instance, ou the coast of Labrador by the Mo- 
ravian missionaries, to whom he bad sent thermometers prepared and 
regulated at Geneva. 

Professor Plantamonr reconnt«d to us the anomalies of temperatare 
observed at Geneva during the month of December, 1868. The mean 
was 7°.14, (45° F.;) being 6°,14 (43° F.) higher than for the previous 
forty-three years. During that period there had been but two months 
of March and a single November in which the temperature was higher. 
So high a temperature had not been experienced for any month of Feb- 
ruary, nor a/ortiori of January, but, again, there had been six Aprils 
in the same series of years which were colder. There fell in December 
155 millimetres (6 inches) of water, a quantity greater than that of all 
the years since 1836, with the exception of 1841. According to M, 
Wolf, of Zurich, the quantity of water collected at several stations of 
East Switzerland, especially at those of considerable elevation, from the 
middle of September to the end of October, 1867, exceeded a metre, and 
cases oconrred in which the quantity of water fiUIiug in the coarse of 
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twenty-fooF liount amounted to 30 and 40 centimetres, (12 and 16 inches.) 
Ttie iunndationa occasioned by falls of water so exceptioual catiiiot be 
attributed solely to tbe removal of the forests from the mouutains, how- 
ever Qiifavoirable such clearings may be. Lastly, meutioD was made of 
the shower of mud observed at Naples by Professor Claparede. The 
clouds, ou that day, had a peculiar aspect and seemed to be formed of 
dust : muddy spots were left on the windows by the drops of rain. Gen- 
eral Dufour bad witnessed at Corfu showers of mnd which tbe inhabit- 
ants attributed to the wind of Aii-ica. 

§ 3.— Mathematics and Physics. 

Pure mathematics has been tbe subject of bnt a single memoir, which 
was read to us by Professor De La Harpe. It is the first part of a trea- 
tise on the formation of iwwers, in which the author demonstrates that 
the higher powers are formed by differences. He gives the formulas 
designed for the calculation of high powers and designates them by the 
general name oi formula of ike monome. This memoir was accompanied 
by models intended to facilitate the understanding of the demonstrations. 

The geodesic labors undertaken by Swiss savants have been continued 
doriug the year 18l>8. Professor PLiutaniour has communicated to us 
tbe result of the Swiss levclings, which embrace tbe whole of tbe west- 
em part from Geneva to Uasle. MM. Plantamour and Hirsch have been 
engaged in determining for the diflerent stations the numbers as referred 
to tbe stone of Niton, which serves as the point of departure, while the 
primitive data simply give tbe difference of level between two consecu- 
tive stations. The number of poiats for which the amounts have been 
thus established is 626. To that end, it was necessary to make a com- 
pensation for the errors in tbe system composed of a series of polygoos, 
each of which ouglit to be exactly closed. One of the causes of error in 
a leveling of precision, the induence of which is very considerable in a 
country so broken as ours, is the variableness in the absolute length of 
the sights, according to atmospheric oircumstauces, the temperature, 
hygrometric state; and, from direct and numerous comparisons, this 
variation may amount to a teu-thousandth of their length, more or less. 

M. Plantamour gave au account of observatious which he had made 
during a sojourn of nearly two months at Weissenst<Mu with a view of 
determining the astrouomical co-ordinates of that station. He also read 
a memoir ou the latitude of the Kighi Culm from observations made at 
that locality in 1867. The latitude was determined as well by the circum- 
meridian zenithal distances of stars sis by observations of their passage iu 
the prime vertical. The number obtained is sensibly greater than that 
indicated iu tbe triangulation of Switzerlaqd, which had been deduced 
from the latitude of Bcrno by the calculation of triangles. The differ- 
ence is easily explained by the attraction of the neighboring chain of 
the Alps situated to the south of the Uiglii. 

The effects of lightning on trees have been studied by Professor Col- 
ladon ill the case of sixtepn poplars, three oaks, a fir tree, and a vine. 
The poplars which were struck were seamed with furrows, greatly shat- 
tered, and stripped of bark aud liber in the two lower thirds of tbe tree, 
the upper third being most frequently exempt from injury, jirobably in 
consequence of the greater conductibUity of that portion of the branches 
and foliage. The poplar of Italy especially attracts lightning, for M. 
Colladou has seen it struck in preference to neighboring oaks aud elms, 
though the latter were taller than the poplars. The effects of lightning 
on oakA are very different firom those just described : the upper parta 
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fire always killed, and one or two farro va may be traced desceadiog from 
the summit to the soil. To the right and left of the farrow are seen 
two strips of alburnom deprived of bark, the width of which iucreases 
as they approach the groand. The effects of the lightning which fell, 
on the 17tli of Jnly, on a fir tree in the city of Nyou were very remark- 
able. The stroke wa« preceded by the appearance of a Inmiiious ball 
which moved along the sari'aee of the gronncl at three or four yanla 
from the tree, an electric phenomenon often described by physicists and 
in particular by Arago. The fir was about 16.60 metres (64 feet) in 
beight. In its upper part the leaves were scorched to the half of their 
length. The trunk showed no ipjtiry in its upper half, but below there 
were several very deep fissures and ten or twelve brownish and circular 
spots from 3 to 6 centimetres (l to 2 inches) broad, where the bark had 
been removed. The vine stnick, in July, 1868, presented a regular (drcle 
of 14 to 15 metreft, (45 to 50 feet,) comprising about three hundred and 
fifty stems, on which nearly all the leaves were mottled with reddish 
and olive-colored spots. The intensity of this coloration increased on 
approaching the center. The props were neither bnrned nor broken. 
Dr. Miiller, who examined the branches and leaves of the vine-stocks 
reached by the lightning, found that there was no modification of the 
cellules in the interior, and that the effect had taken place on the nitro- 
genized matter, and especially on the cambium. 

The memoir of M. Colladon was accompanied with designs, samples, 
and strips of the bark, which greatly contributed to the understanding 
of the effects of lightning ou the trees. Professor i)e La Bive cited 
some observations in confirmation of those of M. CoUadon. He thinks 
that the s{>ots observed are analogous to those of every electric dis- 
charge, and which are also cireuhir. Their appearance would seem 
referable to the presence on the trank of some foreign substance. 

Professor De La Rive communicated to us the result of the observa- 
tions of M. Wild on the absorbent power of l^ht by atmospheric air, 
and gavena the analysis of the most recent investigations of M, Becque- 
rel nud M. Tyndall on the physical and chemical phenomena of light. 
He called our attention to the observations which have been made at 
the observatory of Greenwich on the agreement of magnetic and galvano- 
m^tric curves. These curves are nearly identical, the only difference 
being the following : A point of a curve of the galvanometer always pre- 
ce^les the corresponding i)oint of the rurve of the magnetometer. 

M. Eld. Sarasin communicated the result of his researches on the 
phosphorescence of rarefieil gases after the passage of the electric spark, 
and particularly on the part borne by oxygen in these phenomena, 
{Archireg, March, 1869.) 

Professor Marignac detailed his experiments on the heat of the vola- 
tilization of ammouiaca) salts. He has arrived, by prolonged and minute 
researches, at the conclusion that it is exceedingly probable that the 
salts of ammonium are, in great part, decomposed into their elements 
when volatilized, {Archives, November, 1808.) 

Professor Wartmann, besides several reports on the memoirs pub- 
lished by other savants, gtive an account of two luminous phenomena 
vbich he had had an opportunity of observing: First, u magnificent 
solar spectrum on the snrfuce of the lake, seen on the road from Uer- 
mance, a phenomenon which could only be explained by a refraction fol- 
lowed by a reflection of the solar rays by the waves ; secondly, a lumi- 
noas vertical column after the setting of the sun. Thir. meteor, of which 
he published a notice in 1846, is susceptible of explanatiou by vwUcal 
prisms of tee held in suspension in the atmosphere. i,=.ch OooqIc 
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H. Soret commaiiicated tbe remltg of recent obfierrationB od acdar 
nidlation, the intensity of wliicli at Geneva iluring several days of Mardi 
was very considerable &ad exceeded tliat whicli tie had observed in 
sammer at an altitude of 3,000 meti«s, (10,000 feet.) The same member 
presented a memoir on tiie polarization of the blue light from wato^, 
vhicfa Las, under this condition, an almost complete analogy with tJte 
light &om the sky, {ArtAwea, May, 1869.) 

§ i. — CnKMlBTRT. 

M. Antoine Morin stated to us the result of his expenmente on the 
alloys of gold, silver, and copper, a subject which iutimtitely concerns 
our manufactnres of jewelry and horology. The most usual alloys are 
not only compounds but a tme chemical combination, notwithstanding 
the difference of density of the goldaud copper. There needs but simple 
fusion and remeltiug three or four times to obtain an alloy so bomoge- 
neons that the law allows only a deduction of j^ for those of gold and 
copper and of j^ for those of silver and copper. For this there is 
required a special force, which is chemical affinity, the influence of 
which is demonstrated by a change in tlie molecular state of the metids 
alloyed. lu calculating the specific weight of alloys, we find a number 
greater by an eighth or a ninth than the real density of alloys of gold, 
and by a sixth or a seventh than the alloys of gold and native silver of 
Colombia. The difference is insignificant for alloys of silver and copper, 
but the homogeneity of the ingota is obtained with more diffloulty. The 
augmentation of volume of the metals which enter into the alloys of 
gold with silver and copper is not the only indication of a chemical com- 
bination. The proportions which have been adopted in practice for 
jewelry of 18 and 11 carats ace closely approximate to the atomic num- 
bers which would form combinatious of a definite proportion. The 
, hypothesis that there is chemical union, and not simple mixture, seems 
to be confirmed by the au^ysis of natural alloys. In most of these the 
metals are found io quantities oorreqxwding to the exact numbers of 
equivalents. 

M. MoriD has also been engaged in verifying the cause of the roekage 
which forms an accident in founding, and which consists in a rupture 
of tlie solidified crust of the metal accompanied by a jet of that which is 
in fusion. He thinks thiit the rwshage is a phenomenon of a chemical 
nature, as the metal tyected has not the same composition as the lest of 
tlie ingot 

^ 5.-^£iOU>GT Aim PALBOHTOLOair. 

, Professor De La Hive commanieated to us a letter of Professor A^as- 
siz on the existence of ancient glaciers of considerable height and extent 
in the greater part of North America, particularly in the region of t^e 
prairies. 1 

Professor Favre described the great moraines which the ancient Ra- 
cier of the Kbiae has deposited even in Wiirtemberg. He gave an 
account, based ou the researches of two geologists of Lyons, (MM. FaU 
Ban and Uhartre,) of the erratic blocks deposited by the glacier of the 
Rhone between Geneva and Lyons, of the geological constitution of 
Mount Cervin, as studied in two successive asceuts by M. Giordano, of 
the discoveries of M. Gbartre relative to the question of prehistoric man, 
&c. He exhibited to us a small erratic block of red porphyi^, found in 
the environs of St. Julieu, and, on several occasions, occupied our utteu- 
tion with the remarkable repository of smoky rook.c(y8tali(, tbuad at the 
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irlacler of Tiefen, near Gallenstock, in the canton of TJri. A fine group 
of tbese crystals has been given by Madame Bevilliod De La Kive to 
our new library and will form one of the ornaments of the Revilliod hall. 
M. Emest Favre read a memoir on the fossil molluaks of the environs 
of Lemberg, in Gallicia. The fossils described were fiirnislied by two 
principal repositories: Nagorzany and Lemberg. At the latter, the 
Ibrmarion is constitated by a very fine and compact calcareous marl, 
forming a bant which exceeds 145 metres, (476 feet.) The rock of Na- 
gorzany is a yellow, hard sandstone, in thick banks, alternating with 
strata of soft limestone. M. Favre has recognized in his fauna one hnn- 
dred and seventy well-distingnished species of moUosks. The cephalo- 
poda abonnd at N'agorzany. They comprise eighteen species, of which 
the most characteristic is the Bel^mnitella mucrtmata. Here also the 
gastecopods are nnmeroas and varied, amounting to one-lialf of the 
muna. At Lemberg tbey are represented by only twenty-six small and 
scanty species. Of the acephala, forty-six species are found at Lemberg 
and thirty-two at N'agorzany. The brachiopods iiamber eleven species, 
fonr of which are common to both localities. The fossil mollusks found 
in Gallicia characterize the lower part of the chalk d Beiemnitella mucro- 
nata, and, consequently, the senonian formation, presenting the greatest 
analogy with the chtUksofWestphaliajLuneburg.andtbelsleof Bngen, 
as well as with the senonian formations of Limburg, Haiuault, and the 
basin of Paris, which all number species common with those of Ijemberg. 
M. De Loriol presented a memoir which he has recently published in 
conjunction with M. Oillieroa on the nrgonian stratum of Lauderon. 
The fauna of this stratum forms a transition between thatof the neoco- 
miau and that which characterizes the lower nrgonian stratum. This 
&una comprises a great number of Spongitaria as welt as numerous indi- 
viduals of a OomattUa with single arms, pertaining to the new genus 
Opkiocrma. 

§ 6^-BoTAirT. 

The most prominent fact which has distinguished our sessions, ao far 
as botany is concerned, has undoubtedly been the liberal donation which 
Madame Delessert and her two daughters have made to the city of 
Geneva of the rich and celebrated herbarium of the Baron FraD9oi8 
Delessert. 

TbiS' collectioa forms one of the twenty or twenty-one largest herba- 
riums in existence, and it is especially remiirkable on account of tiie 
great number of specimens described and mentioned by ancient or mo- 
dem authors. Independently of the types described by Ijaruarck, La- 
billardi^re, Richard, Palisot, De Beauvais, and others, which are in the 
general herbarium, it comprises moreover that of the Bnnoans, which 
includes the types of the older botanists, especially those of Thunberg 
and of the Burmans themselves, besides a herbal of Lapland, collected 
and named by Linnseus. The plants of India, arranged by* Wallich, 
f<»rm one of the most extensive collections which exist on the continent. 
This Delessert herbarium will be found in future ia convenient prox- 
imity witii the rich collections of MM. De Candolle and Boissier, which 
were already of easy access to botanists, so that the one will be com- 
pleted by the others, thus affording facilities feu: the most thorough 
study. 

It is to M. Alphonse de Oandolle, than whom no one can better appre- 
ciate the importance of this gift to our city, that I am indebted tor the 
above particulars. It was m>m him ^so that the society received, ou 
tSie authority of a letter &om M. De Gelaznow, director of the Agricul- 
20s 
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Dr. Prevoat commuDicftted to na his researches in experimentd physi- 
ology relative to tbe seat of the sense of smell. This memoir baa been 
published in the March nomber (1869) of the Archives dea sciences phy- 
Htques et natttreUes. He also made us acquainted with the experiments 
which be had performed at Paris aud Beriin in the extirpation of the 
npheno-palatiue ^nglion, an operation which, in the opinion of Dr. 
Schiff, must snppreaa the sense of taste in the anterior part of the 
tongue. The experiments in question gave, however, a negative result. 
M. Frevost also recalled the experiments of Dr. Waller on the atrophy 
of the peripheral nerves when separated from tbe central trunk. Ac- 
cording to this learned pliysiologist. if the vidian branch of tbe lingnal 
nerve received gustatory nervous fibers, this branch would be atrophied 
after tbe section of the sphenopalatine ganglion ; this, however, luw 
not been found to be the case by M. Prevost, who has always found it 
unimpaired after the operation. 

Dr. Dor gave an account of new experiments made with a view to de- 
termine the velocity of the transmission of sensations. 

Dr. Gosse presented skulls found by Dr. Porel de Morges in an an- 
cient cemetery near Saint-Prex. These skulls are artificially deformed 
for the purpose of producing a Irontat depression. Similar cases had 
been previously observed byM. Troyon near Lausanne, aud lay M. Gosse 
near Kegny. This fiatteniug of tbe front by means of a board was a 
national custom among certaiu tribes, and especially among the Avari. 
Depressed skulls have been found at Vienna, in tbe Crimea, and at Van- 
couver's Island. A traveler in China relates that they occur also in 
Mongolia, in very ancient skulls. A memoir published at St Peters- 
burg designates them by the name of macrocephalic, but tbis term might 
create some confusion with the Macrocephali of Hippocrates and Strabo, 
among whom the object was rather to produce protrusion of tbe fixintid 
bone. This frontal depression causes ordinarily a certain degree of 
prognathism j it does not impair the functions of mobility, but simply 
lowers tbe grade of intelligence. 

Such is a summary review of the facts which have occupied our ses- 
sions. It will he seen that they are tdike numerous and varied, and 
furnish renewed testimony of tbe scientific zeal which still subsists 
among us. May our unpretending labors have tbe effect of enlarging 
the field of human knowledge, and consequently of promoting the dif^ 
fusion of light in our country. We shall thus have accomplished, as far 
as depends on us, the purpose which presided at the foundation of our 
society ; a socie^ which already counts nearly eighty years of existence. 
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COROK.tDO'S MARCH IN SEARCH OP THE "SEVEN CITIES OF CIBOLA" ANB 
DISCUSSION OP THEIR PROBABLE LOCATION. 



7 Brevet Brigadier Oeueral J. H. Siufsox, Cohntl of B»gi«ten, TT, 8. A. 



Tbe early Spanish explttrations in Mexico in search of the " seven cities 
of Cibola " have always been of great interest to students of American 
history. Secent publications have drawn my attention anew to the 
vast geographical field embraced in the toilsome march of Vasquez de 
Coronado and his adventurous followers, and, having in years past been 
engaged oflicially in the United States service in exploring that remote 
region, I have been tempted to reinvestigate the grand enterprise of the 
Mexican government in liVU), and venture to offer the following essay as 
au expression of my well-considered views, derived, in early life, li'om 
observation of the field itself, and confirmed by careful stndy of all the 
authorities within my reach. Besides this, friends, iu whose opinion I 
trust, believe that my reconnoissances of a large part of the country 
traversed by Coronado and his followers give me some advantages iu 
the discussion of this subject over other investigators, who have not been 
iavored by personal inspection and scientific location of tbe important 
points embraced in the adventurers' march, so that I now submit my 
. Gonclasions with less diffidence than I should have done had I not re- 
ceived in advauce their cordial encouragement. 

I must acknowledge my indebtedness to the library of the Peabody 
Institute of this citj', to the library of the Historical Society of Mary- 
land, and to the private library of the president of this last-mention^ 
society. Colonel Brantz Mayer, all of which have been thrown oi>en to 
me in my researches. I must also express my particnhir obligations to 
Colonel Mayer for the very valuable aid he has afforded me in the pre- 
paration of this article, by the use of his excellent translation (yet in 
manuscript) of Teruaux Compans' version of the " Relation du Voyage 
de Cibola," entrepris en 1540, par P^dro de Castafieda de Nagera," pub- 
lished in Paris in 1838. 

The arrangement of the following essay is, first, a brief narrative of 
the march of Coronado from the city of Mexico to the " seven cities of 
Cibola" and the province of Qaivira, together with an account of the ex- 
pedittoDS of his subordinate officers, naval and military ; and second, 
the discnssion of tbe subject of the location of the important places 
visited in the several expeditions; and, in order to a clear understanding 
of the test, I accompany it with a map, for which, under my direction 
as to details of route, I tim iiidebte^l to Mr. ^. H. Button, civil engineer, 
whose knowledge of Xew Mexico and Arizona, derived from his associa- 
tion with Generals Whipple and Parke, as assistant 'engineer, in their 
explorations in New Alexico and Arizona in lS53-'5(>, has been of mate- 
rial service to me. 

Id the year 1030, Nuilo de Guzman, president of Kew Spain, was in- 
formed by bis slave, an Indian, from the province of Tejos, situated 
somewhere north from Mexico, that in his travels he had seen cities so 
large that they might compare with the city of Mexico ; that th£^ 
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cities were seven in Dninber, aud had streets whicti wttro exclasivelyoc- 
oapied by workers in gold and silver; that to reach them a journey 
of forty days through a desert was required ; and that travelers pene- 
trated the interior of that region by directing their steps northwardly 
betweeu the two seas. 

"Sauo de Onzman, confidently relyiug on this information, organized 
an army of four hundred S])aniards aud twenty thousand Indian allies 
of New Spain,* and set out in search of these seven woiidcrful cities; 
but, after reaching the province of Culiacan, he euconntered such great 
difficulties ou account of the mountains he had to cross that he aban- 
doned the enterprise, and contented himself with colonizing the prov- 
ince of Culiacan. 

lu the mean time, the T^os Indian who had been his guide dying, the 
seven cities remained only known by name, till about eight years after- 
ward, when there arrived in Mexico three Spaniards named Alvar 
Xuiiez Cabe9a de Vaca, Andres Borantes, aud Alouso del Castillo 
Maldonado, accompanied by an Arabian negro named Estevaoico, (Ste- 
j)hen.)f These persons had been wrecked with the fieet which Pam- 

* CasCnneda's Relations, Temnni CompaiiB' Collections, Paris, 1<SSS, p. 2. Rakliiyt, 
_ lotiag f 
Olisrles V 
bnraemen oi 
IdlO,) 

t Tbisia according t«CMta&eda'BACCOnDt; bat according to that of Cabe^adeTMtt, 
Ternnnx Compans' Collectiotu, these peraone arrived ia fiew Bpain in 1K)6, or rix in- 
stead uf eight yean after Nuflo do Guzmaii's expedition. Their adventures were eo 
remarkable I caunot rufruin from saying Romotbin^ about them : 

Pauij)hilo do Narvaez sailed from tlio West Imlics early in J528, with four hundred 
-iclity horses, and four ships, for the purpose of uxpiorinc the cotmtiy of Florida, 



of nhioh he had been made Eovemor. He seems to have reached the harbor of Santa 
Cmz (KUppoeed to be Tampa Bay) in April of that year, and ou the 1st tlay deliarl 
vith tht^ hundred men, forty of whom were mounteil, fur the purpose of explor 



the interior of tho cooutry. His course waa northwardly, and generally parallel to 
the coast. On the S6fh Juno he reached nn Indian town called ApalaiAe, where he 
tarried tmenty-five days. He then Journeyed in nine days to a place coiled Ante. 
Contiuuing his coarse thence westwanlly for several days, bis men bwaine so itispirited 
from finding no gold, and on account of tho rough treatment of the natives, that they 
retiinii^ to Ante, where, hearing nothing of their ships, which hod been ordered to 
roast alone with them and await their arrival at some good harbor, thuy constructed 
five small uoats, in which two hnndrod and fifty of the pjjty (alt who had not died or 
been killed by the nntivee) embarked, steering aJong the coast westwordly for Panuoo, 
on the coast of Mexico. At length they reached the mouth of a river, the current of 
which wo^ BO strong as to prevent their making headway against it, anil whose trvab 
water was carried out some distance into the gall. About seven days aner, while making 
their way with great difBculty westwardliy, the boat commanded by Cabefa de Vnca 
was coat on an island, called by them Maluado, (Miofortuue.) A day or two after thia 
C':tbe(a de Vaca's boat and all the others were capsizcil in a storm off the island of 
Malhado, except that of the governor of Narvaez, ivhich seems to have drifted out 
to sen, and, witli its crew, was never afterward heanl of. Tboso of the party tb»t 
were not drowned remained on the island of Malhado anil main land a<\jacent lor six 
years, and endured from tile ludians, who hod enslaved them, the greatest iudiguities. 
From this cause, and fVom starvation aud cold, the greater portion of Ibem died. At 
length fottr of them, {those mentioned in tho test above,) alt that probably survived, 
(■!ienppd from their bondaEe, taking in their flight a northern course, toward the 
Biountaioe, probably, of Northern Alabama. Thence their course was westwsrdly 
acrosB the Mississippi (which was doubtless " the great river coming from the North,'' 
spsken of by Cabesa) and Arkansas rivers, to the neadwaters of tho Canadian, which 
they peem to have crossed just above the ftrcat cnllon of that river, (where Coronotlo 
crossed it in hin outward ronte to Quivirn, of which more in the semiel;) tfacnce 
Fouthwestwardly through what is now New Mexico and Arizona to Cnliacau, iu Old 
Mexico, near the Pacitio Coast, which thej' reached in the npriug of lihlG. (See narra- 
tive of Alvar NuCez Cabc^a de Vaco, translated by Buckingham Smith, Wasliitislon, 
l^lil ; aud, iu conHnnatiou of the above HpeciAed crossing of the Cauadion River, 
" The Relations of CaetaSeda, by Temaux Compans," p. 120T) 
Mr. Albert OaUatiu, in his essay, vol. 2, pp. 56, S7, Transactions of American Etliuo- 
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philo de KarvB0E liad. condacted to Florida, and after crossing the 
coantry from oae sea to the other had reached Mexico. 

The taJes they told were quite m^^eloos. They stated to the then 
viceroy, Don Aatonio de Mendo^a, that they had carefally observed the 
couDtry through which they had passed, aod had been told of great and 
powerful cities, oontAinlng honses of four or Ave stories, &c. The vice- 
roy commuiucating these declarations to the new governor, Francisco 
Vasquez de Coronado, the latter set out with haste to the province of 
Cnliacan, taking with him three Franciscan friars, one of whom, by 
name Marcos de Ni9a, in the language of the chronicler CastaReda, was 
tbeologian and priest. As soon as he reached CuUacan he dispatched 
the three Franciscans, with the negro Stephen before mentioned, on a 
journey of discovery, with orders to return and report to him all they 
could ascertain by personal observation of the seven celebrated cities. 
The monks, not being well pleased with the negro on account of his 
excessive avarice, sent him in advance to pacify the Indians through 
whose coontry he had previously passed, and to prepare the way for the 
successful prosecution of their jonmey. Stephen, as soon as he reached 
the country of the " seven cities of Cibola," demanded, as CastaQeda 
says, not only their wealth but their women. 

The inhabitants not relishing this killed him and sent back all the ' 
others that had accompanied him, except the youths, whom Ihey retained. 
The former, Sying to their homes, encountereil the monks before men- 
tioned, in the desert sixty leagues from Cibola.* When the holy fathers 
beard the sorrowful intelligence of the death of Stephen, they became 
so greatly alarmed that, no longer trusting even the Indians who had 
accompanied the negro, they gave them all they possessed except the 
ornaments used in the celebration of the mass, and forthwith returned, 
by double-days' journey, without knowing more of the country tban the 
Indians had told them. The monks returning to Cnliacan, reported 
the remits of their attempted journey to Coronado, and gave 
him such a glowing description of all the negro had discovered and of 
what the Indians had told them, "as well as of the islands filled with 
treasure, which they were assured existed in the Southern seaj"! that he 
decided to d^art immediately for Mexico, taking with him Friar Mar- 
cos de j^iga, in order that he might narrate all he had seen to the vice- 
roy. He also magnified the importance of the discovery by disclosing 
it only to bis nearest friends, and by pledging them to secrecy. 

Arrived at Mexico, he had an interview with the viceroy, and pro- 
claimed everywhere that he had found "the seven cities" searched for 
by JInilo de Guzman, and busied himself with preparing an expedition 
for their conquest. Friar Marcos having been made, through the influ- 
ence of the monks, the piovincial of the Franciscans, their pulpits re- 
logical Society, Btatee that the river refenod to aboTti, wbote omreDt ivaa Bo strong 
and wbich N;kr vnez'a party coold not stem, was the Mississippi; but this is uot tbeTicn 
of Mr. Smith, ^ho has laid down the rontes of Narv.iez and party aa cictendiag no 
fattber weflt than £«(^Airn-, which li(« to the eastward of the Missisaippt River. His 
iduA, bowoTer, that the isbuid of Santa Sosa, at tbe nioath of PpnHncola Kny, was 
Malbodo, I think eironeona, for thn reason that Cnhe^a de Vaca expressly Kays this 
island was " half a league broaA and live leognos (or sevcDt«ea miles) lonj;," wh^roas 
Banta Boss Island, acconling to the maps, Is as mncb as forty-sovou miles loug. It is 
possible, howeTer, that by accretions the island may liave attainod this length since 
Cabcf a de Vaca was wrecked upon it. 

* 80 says CaataSeda : bnt Marcos de Ni^a, in his nccoon^ of bis Jonmey, distinctly 
Btstee that he apprftacDedeo near the city of Cibola that from a high elevation be oonid 
see tbe bonsM, and gives Qnit« a particular description of them. (Relotion of Friax 
Marcos de Nici, Temani Compans Colloctions, p. 279.) 



t CastaSeda'a Relations, Temaux Compans, p. 
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sounded with the marrels of discoveries to sncli an extent that in a few 
days thr^ hundred Spaniards and eight hundred Indians were assem- 
bled for the enterprise. AmoDg the former were a great many gentle- 
men of good family, and probably there never had been an expedition 
in which there wa>s such a large proportion of persons of noble birth. 
Francisco Vazquez de Coronado, the governor of New Galicia, was pro- 
claimed captaiii general, becaose he was the anthor of the discovery, 
and the Viceroy Mendo^a did all he could to foster the enterprise. 

Believing that if the army marched from the city of Mexico in a bo<1y 
the Indian allies would probably suffer, the viceroy appointed the town 
of Compostella, capital of New Galicia, one hundred and ten leagnes 
from Mexico, as the place, and Shrove Tuesday, 1540,* the time of ren- 
dezvous. The troops haviug left Mexico, he ordered Don Pedro d' Alar- 
con to depart for La Nativitad, on the coast of the " Southern Sea," and 
with two vessels to go to Jalisco to take the supphes which the soldiers 
could not transport. After iierforming that duty he was to follow the 
march of the army along the coast, for it was believed, according to the 
then received accounts, that the army would never be distant firom the 
vessels, and would always be in easy communicatiou with them by 
means of the rivers-t 

All these dispositioDS haAing been made, the viceroy departed for 
Compostella Vith a large body of gentlefolks. Everywhere he was re- 
ceived with great dcltU, and when be reached Oompostella he found tbe 
army well lodgeil and entertained by Ghristoval d'Onate, captain general 
of that connt^. 

He reviewed the troops, by whom he was received with great rejoic- 
ing, and tbe next day after mass harangued them. He told them of 
their duties and of the advantageous result that this conquest would 
produce, not only on their fortunes, but by the conversion of tbe nations 
they would conquer, as well as for the service of his Majesty, who on 
his side promised them his bounty and additional favors. Finally be 
caused every one to be sworn on a missal containing the Holy Evangels 
not to abandon their general and to obey all his commands. 

The next day tbe army with banners dying took up the line of march. 
For two days the viceroy accompanied it, and then returned to Mexico. 
No sooner, however, had the viceroy left the army than it began to ex- 
perience all the hardships inci({entto a wild, mountainous country. The 
baggage had to be transported on horses, and, as many soldiers had 
never been accustomed to load them, they made sorry work of it. The 
consequence was that a great deal of their baggage was abandoned, and 
in order to get along at all many a gentleman had to become a mule- 
teer, and they who shirked &om this necessary labor were regarded by 
their companions as lacking spirit. 

Coronado arriving at Chiametta with his army, met at that point 
Captains Melchior Diaz and Jnau de Saldibar, who with a dozen reso- 
lute men, by Coronado's orders, had explored the country as far as Chl- 
chilticale, which is on the border of the desert and two hundred leagues 
At>m Culiacan.t These officers ga^ e in secret to the general such a dole- 



is aat« April 17, IG40. 



(liapatclicd Alarcou, 

latitude, with -— •-- 

heiRUt.'' 

tCiutttfieilft gives 



OOBDNADO'S UABCH. 313 

fill acconnt of the ooimtiry they had passed thieagb, that, it leaking oat, 
many id the army begao to loee heart ; and it was only by Friar Marcoa 
de Ni^a insisting np<Hi it, that the coantry was a good one, and that 
they shoald not leave it with empty bands, that they were persuaded to 
continne the march. 
I The day after liiaHter, the army took np its march for Cnliacan, at 
which place they were well received by the citizens and furnished with 
all necessary snpplies. This was the lost town inhabited by Spaniards, 
and, therefore, tiie last from which they conld gather provisions, except 
firom the Indians with whom they might meet in their further march. 
It is represented by Gastaueda, as being two hondred and ten leagaes 
fiom the city of MexiOo.* 

After resting a conple of weeks at Culiacan, Coronado led the adVBQce 
of his army, consisting of fifty cavaliers, a tew infantry, his parttenl^ 
Mends, and the monks, leaving the rest of the army with orders to march 
a fortnight after, and to follow his path. As OastaSeda, describing his 
{H'Ogreae, ezia-esses it, " whep the general had passed throagh all the 
inhabited region to Ghichilticale, where the deseri; begins, and saw that 
there was nothing good, he conld not repress his sadness, notwithstanding 
the marvels which were promised further on. Sto one save the Indians 
who accompanied the negro had seen them, and already on many occa- 
sions they had been caught in lies. He was especially afflicted to find this 
Ohichilticale, of which so much had been boasted, to be a single, mined, 
and roofiees honse, which at one time seemed to have been fortified. It 
was easy to see tliat this house, which was built of red earth, was the 
work of civilized people who had come ftnm afar. 

" On quitting this jilace they entered the desert At the end of fif- 
teen days they came within eight leagues of Cibola, on the banks of a 
river which they named Ferme^, in consequence of its red and troubled 
water. Mullets lesembllDg those of Spain were fbnnd in it. It was 
there that the first Indians of the country were discovered; but when 
these saw the Spaniards they tied and gave the alarm. During the night 
of the sucoeeding day, when not more than two leagues &om the village, 
some Indians who were concealed suddenly uttered such piercing cries 
that our soldiers became alarmed, notwithstanding they pretended not 
to regard it as a surprise ; and there were even some who saddled their 
horses the wrong way, but these were men who belonged to the new 
levies. The best warriors mounted their horses and scoured the coun- 
try. The Indians, who knew the land, escaped easily, and not one of 
them was taken. On the following day, in good order, we ottered the 
inhabited country. Cibola was the first village we discovered ; ou be- 
holding it the army broke forth with maledictions on Friar Marcos de 
fii^ Ood grant that he may feel none of them 1 

" Cibola is built on a rock ; this village is so small that, in truth, there 
are many forms in Kew Spain that make a better appearance. It may 
contain two hundred warriors. The houses are built in three or four 
stories ; they are small, not spacious, and have no courts, us a single 
court serves for a whole quarter. The inhabitants of the province were 
nnited there. It is composed of seven towns, some of which are larger 
and better fortified than Cibola. These Indians, ranged in good order, 
awaited us at some distance from the village. They were very loth to 
accept peace; when they were required to do so by oar interpreters, 
they menaced us by their gestures. Shooting oar war-cry of Sant lago, 
we charged upon and quickly caused them to fly. 



I B«L, Teinanx Compaoa' Col., p. H9. 
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"Nev^theJeUfitwuneceswytogetposseBstoBof Olbola, vfudiwu 
no easy achieyement, for the road leading to it was both narrow atid 
winding. The general was knocked down by the btow of a stone as be 
monnt«d in the aasanlt, and he would have been slain bad it not been 
for Garci Lopez de Cardenas and Hernando d'Alvarado, who threw them- 
selves before him and received the blows of the stones which were de- 
signed for him and fell in large nnmbers; nevertheless, as it is im{)oa- 
sible to resist the first impetnons charge of Spanitmis, the vill^e 
was gained in less than an honr. It was fonnd filled wiUi provisions 
which were mnch needed, and, in a short time the whole province was 
forced to accept peace."* 

The main army, which had been left at Ooliacan nnder the eommaod 
of Don Tristan d'Arellano, followed Ooronado as directed by him, 
every one marching on foot, ^'itfa lance in hand and carrying supplies. 
All the horses were laden. Blowly and with much latigue, after estab- 
lishiogand colonizing Sonora, and endeavoring to find the vessels undw 
Alarcou already referred to, by descending the river, in which they 
iailed, the ^my reached Oibola. Here they fonnd qnarterH prepared 
for them and r^oioed in the reunion of the troops, witii the exception 
of certain captains and Boldiera who had been detached on explorations. 

Meantime, Gi^tain Melchior Diaz, who had been left at Sonora, placed 
himself at the head of twwty-five choice men, and nnder the lead of 
gnides directed his stepn towards the southwest in hopes of discovering 
the coasts. His course was probably down the Bio Sonora, fuid not 
finding the vessels there he doubtless marched northward, keeping as 
close to the coast as the rivers would permit him. After traveling 
about one hundred and Afty leaguest it appe^« he arrived in a country 
io which there waa a large river, called Bio del Tizon, whose month was 
two leagues wide. Here the captain learned that the vessels nnder 
AlaicoQ had been on the sea-coast, at a di^»nce of three days' joamey 
from that place. In the language of Castaiieda, " When he reached the 
spot that was indicated, and which was on the bank of the river more 
than fifteen leagues tJrom its mouth, he found a tree on which 
was written *Alarcon has come thus far; there are letters at tiie foot of 
this tree.' They dug and found the letters, which apprised them that 
Alarcon, after having waited a certain length of time at that spot, had 
letamed to New Spain, and could not advance further because that 
sea was a gulf; that it turned around the Isle of the Marquis, which bad 
been called the Isle of California, and that C^ifbrnia was not an islaod, 
bat a part of laud forming the gulf.'^f 

It appears that after a good deal of difficulty and a threatened attack 
from the natives, the party crossed the Bio del Tizon, ou rafts, some five 
or 8LX (lays' travel higher up, and continued its journey along the coast. 
Quoting &om Castaiieda, " When the explorers bad crossed the Rio del 
Tizon, they coutiuued following the coast, which at that place turns to- 
ward the southeast, for this gulf penetrates the laud directly towt^d 
the north, and the stream Sown exactly toward the mouth from north 
to Boutb.''^ No better description could be given of the relative posi- 
tion of the Gulf of California, with respect to the Bio Colorado ttowing 
into it from the north, tliaa the foregoing. 

This expedition was terminated by the death of Melchior Diaz, wbich 
occurred in a very singolar manner, as follows : " One day a greyhoand 
belonging to a soldier attacked some sheep which the Spaniards were 

* Caatsneda'H lielations, Ternnux CnmpoiiH, pp. 40, 41, 43, 43. 

1 Castalicda'a GelatloDS, TcnieiDx Compana, p. 49. 

t CMUOeda'a BeUtioDS, TcrnftDX Compaiu, pp. 50, 51. ( Ibid, It^^^C 
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driving with them to serve u food in CBse of need, when Oaptain He)- 
(^ior Diaz threw his lanoe at the beast, in ordw to drive him off. Un- 
fortooately the weapcra stock in the groand vitii the point appermost, 
and as Diaz could not rein in his horse, who was at a gallop, qnickly 
enough, it pierced his thigh through and through, and severed his blad- 
der. The aoldiers at once decided to retraoe their steps, taking their 
woanded chief with them. The Indians, who were aJwajs in rebellion, 
did not cease attacking tiiem. The captain lived abont twenty days, 
daring which he was borne along with the utmost difflcalty. When, 
at length, he died, all his troops retorned in good array, (to Sonora,) 
withont tbe loss of a single man, and after traversing the most dan- 



In this conneotioa it may be interesting to give some accoont of Alu*- 
con's discovery of the Bio Colorado. It will be recollected that he ^ras 
ordered by the Viceroy Mendo5a to follow the march of the army with 
his vessels along the coast of tbe Sonthem Sea, as the Pacific Ocean 
was then called. From his relation to the viceroy 1 1 gather the following: 

On the 9th of May, 1640, Fernando Alarcun pnt to sea from La Na- 
tivltad, in command of two ships, tbe Saint Peter and the Saint Cath- 
erine. He put into the ports of Xalisoo and Agnaivol, (respectively the 
ports of CompoBtella and Cnliacan,) and finding CcHxmado and bis army 
gone from this last-mentioned place, he eontinned his course northwardly 
along the coast, taking with him the ship St. Gabriel, which be found 
tiien laden with sopplics for the army. At length arriving towards the 
ni^r eod of what was till then believed to be a stiait separating an 
iaifuid from the main land, but which he discovered to be a gulf, (the 
Oolf of California,) be expoienced great difficulty in navigating, even 
with his small boats; and there were some in the expedition, he remarks, 
who lost heart and were anxious to return, as did Oaptain Francisco de 
Ullva, with his vessels, in a former voyage of discovery. Aiftrcon, it 
seems, however, bad the necessary pluck, and, agreeably to the orders 
of the Viceroy Mendo^a'he was determined to make his explorations aa 
thorough as i>ossible. After incredible hardships he managed to get 
his vessels to the bottom of the gulf, ("ou fond du gul/e.") Here he 
found a very great river, the current of which was so rapid, that they 
ooold scarcely stem it. Taking two shallops and leaving the others with 
the ships, and providing himself with some guns of small caliber, on 
the 36th of August, 1540, he commenced the ascent of the river by hanl- 
ing the boats with ropes.} On his way he met a large number of f udians, 

' CaittallcilH'B Belatioce, Tomaux Compana, p. 105. 
iTernau;i Comptiou' Coll., p. 299-346. 

tTbo miist Tolialilu information in relation to tbe Colorado River will be foimd in the 
report of Lieutenant Ivea's aacenC of that atream in 1858. (Ex. Doc. No. — , 36tb Con- 

"[>oiJi his accoant tbe region at tbe moutb of tbe Colorado is a flat expanse of tnnd, 

and the chanoela that afford entrooce from tbe gulf are sbiftin^ and changeable. For 
30 mileH above the moutb tbe navigation is rendered periodical]; dangerous by the 
Btiength and magnitude of tbe spring tides. 

" Betiveeu the tide-water and Fort Yuma, whiob ia 150 miles from tbe month, the 
principal ubst ructions are sanil-bara, continually sbiftiug, baving in some places but 
two fl^t of water upon them. There are no rocka, but aaags u« numerous although 
not very dangerous. 

"For IdO miles above Fort Yuma the navi^^atioD la similar. The river passes tbrongt 
•everal chains of hills and mountains, forming gorges or oaQons, sometimes of a cou 
aiderable sizu. lu these there is generally a better channel tliau in tbe valley. 

" In tbe next 100 miles gravelly bars are frequent, with mauv strot-cbes of good river 
ftnd although the bad places are worse, the channel is Imtter than liolow. For the auo 
coeding 50 miles there are many swift rapids. Tbe river bed is of coarse gravel and 
sand, and there are aomo dangerous sunken rocks. The Black Cafion, which is 25 mllea 
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who made signs to him to retain down the river, bat by good manage- 
ment he so appeased them that be was enabled to reach a distance 
above the month of the river, snch that in two and a half daj-s, on his 
retnm to the ships, on acconnt gf the sniftneBS of the current, he made 
the same distance he had in fifteen and a half days in ascending the 
river. On this expedition he learned from the Indians he met, some 
particulars of the death of the negro Stephen, liofore referred to, at 
Cibola, and of there being white persons like themselves at that place, 
who doubtless belonged to Coronado's army. Alarcou was, however, 
unable to commnnicate with the army on account of the desert inter- 
vening between them, and the great distance Uiey were apart. 

Befitting all his shallops this time for a second voyage up the river, 
he lett its mouth on the 14th of September, but was no more snccessfnl 
in this than in his former expedition in communicating with Gorouado. 
Having, therefore, reached as far up the river as he thought esi>edient, 
he plauted a cross at that point, and deposited at its foot some letters, 
in the hope that some persons of Goronado's army, searching for news 
of the vessels, might find them. These letters, it has already been stated, 
were found by Melchior Diaz on the Eio del Tizou, called by Alarcoo 
the " Bon Guide," after Uie device of his lordship Don Autonio tie Men- 
do^a, and at the present day the Bio Colorado. 

At the end of Alaroon's relation to the viceroy he reports that he 
fbnnd the latitude, as given by the " patrons and pilots of the Marquis 
del Valle," wrong by two degrees ; that he bod gone further by four de- 
grees than they, and that he had ascended the river a distance of eighty- 
live leagues.* This report of Alarcon's is very interesting from its great 
particularity and the many incidents it gives of the expedition ; it ^ows 
also that he was fully equal to the trust committed to him, and that 
no explorer oould have done more to carry ont the orders of the Viceroy 
Mendo9a. 

We will now retnm to the army under Coronado, at Cibola. This 
general immediately set to work to explore the-adjacent country. Hear- 
ing there was a province in which there were seven towns similar to 
those of Cibola, bo dispatched bither Don F6dro de Tobar with seven- 
teen horsemen, three or fonr soldieifi, and Friar Juan de Fadilla, a Fran- 
ciscan, who haid been a soldier in his youth, to explore it. " The rumor 
had spread among its inhabitants that Cibola was captured by a very 
ferocious race of x>eople who bestrode horses that devoured men, and as 
they knew nothing of horses, this information filled them with the greatest 
astoni8hmeut.''f They, however, made some show of resistance to the 
invaders in tbeir approach to their towns, but the Spaniards chnrgiug 
upon them with vigor, many were killed, when the remainder fled to the 
houses aud sued for peace, offering, as an indncement, presents of cotton 
stuff, tanned hides, Hour, pine nuts, maize, native fowls, and some 
tnrquoises. 

Tbeso people informing the Spaniards of a great river on which there 

loDj;, i* now reached, aad in it tbo rapids arc niimeroaa atiA dtfllcnlt. C.ilvillo in eomo 
-'x milt's above the heart of this caOon." (Letter of GciicraJ A. A. HunijibrcvK, Chief 



of Corjm of Engineers UoiMd States Army, to Secretary of 'Wor, Jono 2*, 18&^, ii 

ialTepaTtforl86^part2, p. 1195.) 

Uarcuii'a onlew Irou) the Viceroy J , . 

explore as high an tbo 30th dogroe or latitude. According to his owii account of the 



dislancB bo went up the Bio del Tieon, (Colorado,) ho mnat bavo ciiilnml as fnr aa 
nbout the 34tb degree, and if bo went do higher up than where Uelcliior Diaz fonnd 
the free, at the foot of which were letters from Alarcon, showing that then- was Ibo 
highest point to which ho bad attiitued, the highest latitude ^ reached must have been 
only about the 33d degree. 
tCasta&eda'sKelations, Teraaaz Compane, p. 59. DiaitizeabjCjOOQlC 
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vera iDdianB living, who vere very tall, a i^Hut of the same on bis 
letum to Citx^ was made by Don Pedro de Tobar to Goronado, who 
Mat ont aaotho' party ooosisting of twelve meD, ander Dod Oarci-Lopex 
de Oartleuas, to explore this river. It appears from Gaat^eda's Rela- 
tions that the party passed through Tosayan again en its way to the 
river and obtained firom its inhabitants the neoessary anpplies and 
guides. 

After a journey of twenty days through a desert it seems they leocfaed 
the river, whose banks were so high that, as Gastafieda expresses it, 
"they thoaght themselves elevated three or four leagues in the air." 
For three days they marched along the banks of the river, hoping always 
to find a downward path to the water, which from their elevation did 
not seem more than a yard in width, but which according to the Indi- 
ans' account was more than half a leagoe broad. But their efforts to 
descend were all made iu vain. Two or three days afterward, having 
si>proached a place where the descent appewed practicable, the cap- 
tain, Melgosa Joan Oaleras, and a soldier, who were the lightest men m 
the party, resolved to make the attempt. They descended until those 
who remained above lost sight of them. They retnmed in the afternoon 
declaring that they had encountered so many difflcnlties that they could 
not reach the bottom ; for what appeared easy when beheld from aloft, 
was by means so wbsn approach^. They added that they compassed 
aboDt one-third of tlie descent, ^d that from thence the river already 
seemed v^y wide, which confirmed what the Indians stated. They 
aaBtned them that-some rooks which were seen ftom on high, and did 
not appear to be scarcely as tall as a man, were in trnth loftier than the 
towra' of the cathedral of Seville.* 

CastaQeda, after describing the fiirther progress of the exploring party, 
goes (HI to say: "The river was the Tizon {Colorado.) A spot woa 
reached moch nearer its sonroe than the crossing of Melchior Diaz and 
his people (befi»e referred to ;) and it was aft^ward known that the 
Indians which have been apok&a of were the same nation that Diaz aaw. 
The tipanifu^ retraced tbeir steiw (to Uibola) and this expedition had 
no other resalff 

Dnring the mE^ch they met with a cascade falling from a rook. The 
guides said that the white crystals hanging aronna it were formed of 
salt. They gathered and carried away a qnantd^ thereof, which wM 
distributed at Cibola.^ 






* For 300 milPB the cut ed^ee of tho table land rise abraptly, often perpendicnlarly, 
oin the vratflr'B edjce, forming wolla from 3,000 to 6,000 feet In height. This is the 



canon of the Oolondo, the mast maKnidcent gorge as well as the graadeet geo- 

_ 1 section of which we have way knowledge. 

Again, tho canon of the Colorado at the month of Grand BiveriBbat a portion of tbe 
Btnpcndoits uhaom which its waters have cut in tho strata of the table landa, and of 
which a cpncTsl description has been given. At this point its walls have an altitude 
flf oToi' 3,UO0 feet above the Colorado, and the bed of the stream is about 1,300 feet 
■bove the level of the sea, oc 500 feet hiriier than thane in the Black CaSon. A few 
miles further east, where the solfiice of the table landa has an altitude uf nearly 7,000 
feet, the dimensions of the canon become far more imposing, and its cliff's rise to the 
height of more than a mile above the river. (Report of Lieutenant Joseph C. Irea, 
ConM of Top<^{raph1eal Bngineers United States Army, upon the Colorado Blvec, 
ie57-'58. Senate I^. Doc 3lnb Cosgren, ist oenioa. Geology, efeiVt^ ^r P- ^ i Chap- 
tor vi, p. M.) 

t CastoCeda's Belationa, Temanx Compans, p. 64. 

t Lieutenant Ives speaks of having fbuud rait on the Flax Btver, which Cardenas, 
par^ undoubtedly crossed or followed : 

" At noon to-day we came to the object of onr seaich~a well-beat«n Indian ttial' 
running toward the north. Camp was pitched at the plaee where it strikes the Flax 
River, and it is the intention to make tbe second attempt to-morrow t« penetrate ttke 
imaxplored region. Near by are several salt springs, and Matt«i«d over the a^aoent 
r Teeryat^ttf excelleDtaalt." (Beport of Lieutenant Ivea, p. 117.) 
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I have thaa briedy deaeribed the explorations iriiioh were made by 
Ooronado and bis captaios, as £eu* as Cibola, on the northern edge of the 
great deeert northward of Chicbilticale j me branch expedition of Mel- 
chlor Diaz from Scmora northwestward to and aronnd the head of the 
Gnlf of California, after crossing the Tizon ^Colorado,) in search of the 
vessels j the exploratiOQ of t&e river Tizon, by Alarcon, in boats 
for a distanoe of 85 Spanish leagnes,* or abont 290 miles, above its 
month ; the expedition of Don Pedro de Tobar from Cibola to Tnsayan, 
lying to the nwUiwest of Cibola twenty- five leagoes ; and the exploration 
of Don Oan^ Lopez de Cardenas from Cibola throogh Tusayan weat- 
wardly to tlie deeply cafioned river Tizon. I shall now give in as few 
words as I can some account of Coronado's snbeegnent explorations to 
the eastward of Cibola. 

While the discoveries above mentioned were being made, smne In- 
dians living seventy leagues towards the east, in a province called CieayS, 
arrived at Cibola. There was with them a Cacique, snmame Bigotea 
(Itlustachea) on acconnt o( his wearing these long a|^>endages. They 
had beard of the Spaniards, and came to ofter their services anA their 
friendship. They offered gifts of tanned skins, shidds, and helsteta, 
which the general reciprocated by giving them necklaces of glass beads, 
and beUs, which they had never t«fore beheld. They infmined him of 
cows, becaose one of these Indians had one painted on his body." Gas- 
t^eda goes on to say, bnt "we would never have guessed it, from 
seeing the skins of tbese animals, for they are covered with a fritxled 
^ir, which resembles wool fi thus showing that they certainly irere 
Imagoes. 

The general ordered Captain Hernando d'Alvaxado to take twcaity 
men and to accompany tbese Indians, but to return is eighty days to ren- 
der an acconnt of what he might have seen. Alvarsdo departed mtk 
them, and "five days after they arrived at a village named Acnco, built 
Ml a rock. The inhabitants, who are able to send abont two hundred 
warriors into the field, are the most formidable brigands in the province. 
This viUage was very strongly posted, inasmuch as it was reached by 
only one path, and was built upon a rock precipitous on all its other 
sides, and at soch a height that the ball frt>m an arqnebuse conld scarcely 
reach its summit. It was entered by a stairway cut by the hand of jobo, 
wbich began at the bottom of the declivitons ro(^ and led up to the Til- 
lage. This stairway was of suitable width for the first two hundred 
steps, but after these there were a hundred more much narrower, and 
when the top was finally to be reached it was necessaiy to scramble ap 
the three last towei by placing the feet in holes scraped in the rock, and 
as the ascender could scarcely make the x>eint of his toe enter them he 
was forced to cling to the precipice with his hands. On the summit 
there was a great arsenal of huge stones, which the defenders, without 
exposing themselves, could roll down on the assailants, so that no army, 
no matter what its strength might be, could force this passage. There 
was on the top a snfflcient space of ground to cultivate and store a large 
supply of corn, as well as cisterns to contain water and snow."| 

The Indians iuire, as at Tosayan, traced lines on the ground, and for- 
bade the Spaniards to pass over them ; but seeing the latter disposed 

*C<Humon SponiHli leagne equals 3.4S American milea. (United States Oidnaooe 
Manual.) 

t CastaOeda's Belationa, Temanx Compaos, p. 68. " n eat bi la qoeetion Am buons, qna 
I'autenT uomme toi^uuis vaca*. Je me gervuoi dor^navant dn mot de biBoa." (Note 



vGooj^le 
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for ui attack, tbey qniokly sued fat peace, and imeeDted to their con- 
qaeiors a sapply of birdV bread, tanned deer-duns, {oae-uuts, seeds, 
floor, and com. 

Tbree days' joarney thenoe CaptoaD Alvarado and party reached a 
I»roTmce called Tigoex, where, on acconnt of Bigotes, whom the inhab- 
itants knew, they were received very kindly ; aod the captain was so 
well pleased with what he saw that he seat a messenger to Coronado 
inviting him to winter in that country, which pleased the general greatly', 
as it made him believe that his affairs were growing better. 

Five days' joomey thence, Alvarado reached Cicnyfi, a village very 
strongly fortified, and whose honsee had four stories. He reposed here 
with his party some days, when he fell in with an "Indian slave who 
was a native of the connty adjacent to Florida, the interior of which 
Fernando de Soto had lately explored."* 

This Indian, whom they called »I SVwo, (the Turk,) on account of his 
resemblance to the people of ttiat nation, spoke of certain large towns, 
and of large stores of gold and silver in bis country ,t and also of the 
conntryof the bisonB, (boffaloes.) Alvarado took him as a guide to the 
bison country, and after he had Been a few of tbeu be returned to Tig- 
aex to give an account of tbe news to Goronada 

In the order of events, Coronado, who bad remained at Cibola with 
the main body of tbe army, hearing of a province composed of eight 
towns, took with him thirty of the most hardy of bis men and set oat 
to visit it on his way to Tigoex. In eight or eleven days (the narrative 
is here obscure) he reaobwl this proviuce, called Tutahaco, which ap- 
pears to have been situated on the Bio de Tiguex, below the city of Tig- 
oex, for Castafieda expressly states that he t^rward asceuded the 
river and visited the whole province until he urrived at Tiguex. The 
eight villages composing this province were not like those of Cibola, 
built of stone, but of euth. He also learned of other villages still fur- 
ther down the river. 

'■ On his arrival at Tigues, Coronado fonnd Hernando d'Alvarado 
with the Turk, and was not a little pleased with the news tb«7 gave 
him. This Indian told him that in bis country thero was a rivet two 
leagnea wide, in which fish as large as horses were found; that there 
were canoes with twenty oarsmee on each side, which were also pro- 
pelled by sails; that the lords of the land were seated in their stems 
apon a dais, while a large golden eagle was affixed to their prows. He 
added that tbe sovereign of this region took his simta beneath a huge 
tree, to whose branches golden bells were hung, which were rung by 
tihe agitation of the summer breeze. He declared, moreover, that the 
commonest vessels were of sculptured silver ; that tJie bowls, plates, and 
dishes were of gold. ,He called gold aoockis. He was believed because 
he spoke with great assurance, and becaose when some trinkets of cop- 
per were shown him he smelt them, aud said they were not gold. 
He knew gold and silver very well, and made no account of the other 
metals. The general sent Hernando d'Alvarado to Oicuy^ to reclaim 
the golden biacelets which the Turk pretended bad been taken fixim 
bjm when he was made prisoner. When Alvarado arrived there the 
inhabitants received him kindly, as they had doaa beforo, but they pos- 

* C^rtolLeda'H SelatianB, Temoax CmapanB, p. 7S. Tlie b&ain of the HiseiBsipni Rlv«r 
- and tribntariea, in fbrmei dam, ircre included in Florid» by the SpMiiards. (See note, 
p. 90.) 

tTbe emtntry of QaiviA, which Cotonada, aa will be seen in the sequel, visited, and 
'.ti^ac — ' -^ .-----.-■- ... 



wbioh, iMing Sidjaoeiit to Florida, B8 stated above, mnat have beeu situated 

try tribntary to the Miasor-^ — *' -'"^~' ---<--' .>..oi.rT — j. . 

mcnitAton have sappoaed. 



txy tributary to the Hisaonri or Uiatiwippi, and not near the Bio Grande^ usome oom- 
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itively affirmed that tliey liad no knowledge of the bracelets, and they 
aasared bim that the Turk was a great liar, who deceived bim. Alva- 
rado, seeing there was nothing else be could do, lured the chief, Bigotes, 
and the Cacique under bis tent, and cansed them to be cliaioed. The 
iDhabitauts reproached the captain with being a man without faith or 
ftiendship, and launched a shower of arrows on him, Alvarodo con- 
ducted these prisoners to Tiguex, where the general retained them more 
th&n six months."* 

This affair seems to have been the beginning of Coronado's troubles 
with the Indians, which were subsequently increased by his exacting 
a large' quantity of clothing, which he divided among his soldiers. 

Two weeks after Coronado left Cibola for Tiguex, agreeably to his 
orders, the aimy under the command of Don Tristan d'Arellano took up 
its march from that place for Tiguex. The first day they reached tUe 
handsomest, and largest village in the province, where they. lodged. 
"There they found houses of seven stories, which were seen no- 
where else. Tbese belonged to private individnals, and served as 
fortresses. They rise so far above the others that they have the ^pear- 
ance of towers. There are embrasures and loop-boles from which lances 
may be thrown and the place defended. As ail tbese villages have no 
streets, all the roofs are tiat, and common for all the inhabitants; it is 
therefore necessary to take possession, first of all, of those large houses 
which serve as defenses." t 

The army passed near the great rock of Acuco, already describedr 
where tbey were well received by the inhabitants of the city perched 
on its summit. 

Fioally it reached Ti^fuex, where it was well received and lodged. 
The good news given bjr the Turk oast their past fatigues into obli\ioD, 
tfaongb the whole province was found in open revolt, and not without 
cause, for on the preceding day the Spaniards had burnt a village ; and 
we have already seen that the imprisonment of Bigotes and the Turk, 
and the exactioue of clothing by Coronada, had also very greatly exas- 
perated them. The result of all this was that the Indians generally re- 
volted, as tbey said, on account of the bad faith of the Spaniards, and 
the latter rettdiate*! by burning some of their villages, killing a large 
number of the natives, and at last laying siege to and capturing Tiguex. 
This siege lasted fifty days, and was terminated at the close of liJ404 

After the siege the general dispatched a captain to Ghia, which bad 
sent in its submission. It was a large and populous village, four leagues 
west of the Ti^ex River. Six other Spaniards went to Quirix, a prov- 
ince composeil of seven villages. All these villages were at length 
tranqnilized b^ the assidnoos efforts of the Spaniards to regain the 
confidence which they had justly lost by their repeated breaches of 
fititb ; but no assurances that coidd be given to the twelve villages iu the 
province of Tiguex would Induce iheM to return to their homes so long 
as the Spaniards remained in the country ; and no wonder, for no more 
barbarous treachery was ever shown to a Bubmissive foe tbau bad been 
shown to these Tigneans by these feithless Spaniards. 

So soon as the Tignex Biver, (Bio Grande,) which had been frozen for 
four months, was suGQeiently free from ice, the army took up its mitrch 
on the 5th of May, 1541, to Quivira, in searuh of the gold and silver which 

*Castane<]n'H Relations, Tematix CompanB, pp. IS, 77, 76. 

tCoatftDoda'a BelatioiiH, Temaux CompaUH, p. SO, 

iCostaQeda saya Ibi'i, evidently an error, a« may be aKertefued by accooatlDg for 
the time consumed by the anay lu its marcli ftom Cniametla, whiclt It l«ft on Uw next 
day after Eaater, I&IO. (See aate, p. 13.) _, 

Digitized by COOgle 
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the Turk had said could be foDnd there. Its ronte was via Cicn;^ 
twenty-flve leases distant. The fourth day after leaving Cicuy^ abd 
crossing some mouDtalDS it reached a tu'ge and very deep river, which 
passed pretty near to Cicny^, and was therefore called the Bio de Cicny^ 
Here it was delayed fonr days to build a bridge. Ten days after, on 
their march, they discovered some tents of tanned buffalo skins, inhabited ' 
by Indians who were like Arabs, and who were called Querechaos; 
continuiug their march in a Dortbcastwardly direction they soon came 
to a village in which Cabe9a de Vaca and Dorantes (mentioned in the 
Arst part of this paper) had passed through od their way from Florida 
to Uexico.* The army met with and killed an iocredible number of 
buffalO;! and after reaching a point 250 leagues (850 miles) from Tiguex, 
the provision giving out, Corouado, with thirty horsemen and six foot 
soldiers, continued his march in search of Quivira, while the rest of the 
army returned to Tiguex under the command of Don Tristan d'Arellaiio. 
The narrative goes on to say: "The guides conducted the general to 
Qnivira in forty -eight days, for they had traveled too much in the direc- 
tion of Florida. At Quivira they found Qcither gold nor silver, and 
learning from the Turk that he had, at the inatauoe of the people of 
Cicny6, purposely decoyed the army far into the plains to kill the horses, 
and thus make the men helpless and fall an easy prey to the natives, 
and that all he had said about the great quantity of silver and gold to 
be found there was false, they strangled him. The Indians of this 
region, so far from having large quantities of gold and silver, did not 
even know these metals. The Cacique wore on his breast a copper plate, 
of which be made a great parade, which he would not have done had he 
known anything about those precious metals. The army, as stated 
above, retreated to Tiguex before reaching Quivira, They took as 
guides some Teyans, through whose couutry they were passing, and 
were led back by a much more direct way than that they pursued in 
coming. These Teyans were a nomadic nation, and t>eiiig constantly in 
the pursuit of game knew the country perfectly." It is narrated they 
guided the army thus : Every morning they watched to note where the 
saQ rose, and directed their way by shooting an arrow in advance, and 
then before reaching this arrow tliey disclmrged another ; in this way 
they marked the whole of their route to the spot where water was to be 
foand, and where they encamped. " The army consamed only twenty- 

* It will be recollected that it wm on informatioa given by these peisoos and two 
otbeni, Maldooado and tbe negro EeteTon, tbnt tbia expedition wna founded. (Sea 
utep.310.) 

t Tbo following mlnnte and graphic deecriptioa of tbe buffalo, seen b^ Coronado nod 
hiB army, ia taken jromGomara,oa quoted in Hakluvt'a Voyages, voLiii. "Theseuxen 
ftr« of the bigness and color of our bulla, but tbetr tioroe are not so great. They h»vtt 
a great bunch upon their fore-shoulden!, and more hair upon their fore part than on 
tbeir binder part ; and it is like nool. Tbey have, as it were, a hurse mane upon their 
back bone, and much hair, and very long from the knees downward. They have great 
tufts of hair hangini; dowu their foreheads, and it aeemeth tbey have beards, because 
of the great store of nair hangiug down at their chins and throats. The males have 
very long tails, and a great kuob or flock at the end, so that in som<! I'espcctH they 
resemble tbe lion, and in some other tbe camel. Tbey push witli their boms, tbey run, 
they overtake and kill a horse when they are in their rogo and anger. Finally, it is a 
flerce beast of conulenance and form of body. Tbe horses fled from tbem, cither be- 
caoBfl of their deformed shape, or else because they bad never seen them. Theii nias- 
teiB have no otber riches nor substance : of them they eat, they drink, they apparel, 
they shoe themselves ; and of their hides they make many things, as bouses, shoM, 
apparel, and ropes; of their bones they make bodkins; of their sinews and hair, thread ; 
of their borna, maws and bladders, vessels ; of their dung, fire; and of their calfskins^ 
tnuleeto, wherein they draw and keep wal«r. To be short, tbey make so many thinp 
of t&em as tbey have need of, or as may snfflce them in the nse of this life." 

21 s lOylc 
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Ave days on the journey, nod even then macb time waa lost. The fint 
time it had taken tiiirty-seTen days."* 

•' On the road tbey passed a great nnmber of salt marshes -where there 
was a considerable quantity of Halt Pieces longer than tables and fool 
or five inches thick were seen floating on the surface. On the plains 
tliey found an immense number of small animals resembling sqnirrels, 
and numerous boles burrowed by tiiem in the earth."t These animalB 
were most unquestionably the little prairie-dogs whose villages have 
been so naively described by Washington Irving and George Wilkins 
Kendall. On this march the army reached the river Cicuy^, more than 
thirty leagues below the place where they had beibre crossed it by a 
bridge. They then ascended the river, by following the banks, to the 
town of Cicuy^. The guides decla^d that this river, the CicuyS, (ho 
donbt the Pecos,) at a distance of more than twenty days' journey, 
threw itaelf into that of Tignex, (the Rio Qrande,) and that subsequently 
it flowed toward the east. Oastaneda goes on to say: "It is believed 
Aat it (the Tiguex) joins the great river of Bapiritu Sancto (Mississippi 
River) that the party of Hernando de Soto discovered in Florida."^ 

The army under Arellano reaching Tiguex, on its return from the 
prairies in the month of July, 1M1, this officer immediately ordered 
Oaptain Francisco de Barrio-Kuevo to ascend the Bio de Tiguex (Rio 
Grande) in another direction with some soldiers on an exploring expe- 
dition. Tbey reached the provinces, one of which, comprising seven 
Tillages, was called Hemes ; the other, Yuque-Tunqne. 

Twenty leagues (68 miles) farther in aBcending the river, they came t« 
ft large and powerful village named Braba, to which the Spaniards gave 
the new title of Yalladolid. " It was built on the two banks of the river, 
which waa crossed by bridges bnilt with nicely-squared timber.''§ The 
ooantry wa« very high and cold. From Braba the exploring party re- 
tamed to Tignex. Another party, it seems, went down the Rio de Tig- 
Bex (Kio Grande) eighty leagues, where they discovered four large vu- 
1age8,and "reached a place where the river plunged beneath the ground; 
botinaamuch as their orderscooflned them to a distanceof eighty leagues, 
they did not push on to tfaeplace where, according to the Indians' accounts, 
this stream e8ctq>es again from the earth with considerably augmented 
TtAume." II 

* CaataDeda's Eelations, pp. 133, 134. 
tCaBtafieda'sBelationBiTemaux Compane, p. 134. 

t" Various names of thb Mississippi Biver. — I reneniber to liave Aeen in tin 
eonne of my reodiDg the following Indian, Spanitb, and French Dames apolied to th« 

er Hissisaippi : and it ma; be well to rttcord them in your masazine f 
1, and probably to be angmented in nnmber by othor Btndents ofAmorii 






"fwiian nomej. — Mico — kluc of rivers; Mescho-Sibl-Meacho, great and Sibi River; 
NaBKwi-Sipoii — FishBlTer; Ofaimo-chitto — Great Wat«r path — aChoctttname; MisM»- 
Mepe; Meact-cbaaaipi — oM &ther of riTers, acoording to Dn Prstz; Malboactd% 
aooordinK to Iberville. 

"Fi^ndt. — Kivlere de St. Louis; Riviere de Colbert ; HiMlMiopt. 

" Spanitk. — Rio Qrande ; Rio Oralide del Espintn Santo ; lUo de la Golata ; Rio do 1ft 
ftitfMda; Rio de Chnchsana. 

"TheVerncl Ptolemyor I5131aysitdowii, or, at loa«t,TntirksariverirIthoQt anome, 
attbeiiteof itsemboochure. OrbusTypis, 151&; Pjfieda'sniap,1519; other Ptolomtai, 
1GS5 ; Cabef a de Taca san- ft in 158& De Soto crossed it in Jnno, 1541, and died In 
Louisiana, on the west bank of the His^ssippj, opposite the montn of the Big Black 
BtT«r, Hay 21, IMS. 

"BEAHTZ UATKB. 

" BALTfMOfEK, OetobcT IS, 1867." 

-^8eo Hittorieat Uagadne, vol. I, p. 3IS.) 

[I CastADeda's Relatioua, Temanx Compaua, p. 139. 
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We ahoB now retnm to Coronado, whom we left at QniTtra. It appears 
Hiat, in coDseqnenoe of his not arriving at Tiguex at tbe expected tioMi, 
Don Triatan d' Arellano set ont in search of him witb forty horsemea. 
At Cicay£ tiie iiihabitanto attacked Don Iristan, by which he was de- 
layed four days. He^ng of tbe approach of Coronodo, be contented 
lumaelf with goarding tbe passes in the vicinity of the village till the 
Biriral of the general. Castaiieda aays that, " notwithstanding he bad 
good guides, and was not incumbered with baggage, Ooronado was forty 
days in making the journey trom Quivira."* fYom Cicny6 he journeyed 
to Tignez, where he went into winter quarters, with the intention in tbe 
quing of parsoing his discoveries by pushing his whole army toward 
Qoivira, 

" When winter was over Coronada ordered the preparation to be made 
for the march to Quivira. Every one then began to make his arrange- 
ments. Nevertbeleaa, as often happens in the Indies, things did not 
tarn out as people intended, but rb Ood pleased. One day of festival 
tbe general went f(Hth on horseback, as was bis custom, to mn at the 
ring with Don Pedro Maldonado. He was mounted on an excellent 
hmae, bat his valets having changed tbe girth of his saddle und having 
taken a rotten one, it broke in mid-course and the rider nnfbrtnnately 
fall near Don Pedro, whose horse was in fiill career, and in spnnging 
over bia body kicked him in tbe bead, thus inflicting an injury which 
k^ him a long while in bed and placed him within two fingers of 
death."t 

The result of this was that being of a superstitions natnre and hav- 
ing been foretold by a certain inatheniatioiau of Salamanca, who was 
his friend, that he shonld one da.r find himself the omuipoteut lord of a 
distant oountry, but that he should have a fall which would cause his 
death, he was very anxious to hasten home to die near his wife and 
children. From this time, GastaSeda states, that Coronado, feigning 
himself to be more ill than be was, worked upon his soldiery in so subtle 
a way as to induce the greater part of them to petition him to return to 
Kew Spain. They then began openly to declare their belief that it was 
better to retam, masmnch as no rich country had been found, and it 
was not populous enough to distribute it among tbe army. The general, 
finding no one to oppose him, took up his line of march on bia return to 

This wiMi, iiiiiloabt«dt;, the place Id latitade 31° Sif, wkere tbo Rio del Norte, catling 
throas'h the moantaina, empties iiit« a deep Uld isipaBaable caQon, trom which il emergea 
« below, S8 boa been before stated." (Bee TrauBactioiiB of AmericaD Ethno- 



Tlie ema»a of the livar dis^peiuiag at tbe point leferred to, and tben kppeuing again 
fitrtber down, waa ooC on account of iU euteriag a caBon, which the fipaniariu could 
have noticed and not been deceived about, bat because tbe Bio Tignex, (Rio Grande,} 
like moat of the rivera which I h&ve seen on the plaioH and in N«w Mexico, is liable, 
wbaavMV law, to be iMt Id iti sandy bed, and then U> appear again further down, where 
(be a«ad U not anffieient to alwarb it. It ia tm this account, >e I hare eeen, when the 
haat of tbe mn added its potent infloenoe to cause a river to disappear tbrongh the 
^^Vr tlMrt during tbe tdght, when thia InflueDce did net prevail, it would again appear 
a nmiitwig atnwiti 

HoRAoldt reEsn to a diaappearanoe of the Rio Ghvude, which appeals to have taken 
plaee *bant the aane locality, and alao attribntea It to a wreag cauee. " The Inhab- 
ifawtn ot hao del N«rte preserve tbe meinor; «t a very eitraordinary event which 
oeeured In the yaac 1T60. They saw, «ll at otiee, tbe river beoame diy, thirty leagnea 
abom, mmi moM than twenty leagnes l>elow, El Paso; the water at the river [H>eolpi- 
tated itadf in a newly-fbnned crevasse, and did not appear again above ground until 
Ton maeh the Presidio de San Elesario." (Hnmbaldt'a Basal Palitiaiie Snr le Bovanma 
d« 1» Ntravelle Hispagne, edition 1811, p.'3(K).) 

■ - " ■ " ilations, Temanx Compaoa, p. na, . -- i 

- - - "'^'-^-^ ,3,„zeclLvCOOgle 
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Mexico in the beginnisg of April, 1512. He retarned by the way of 
Cibola and ChicbilCicale, as be bad come. At len^h, after skimusbing 
with the Indians, in which a aumber of their men aod horsea were killed, 
the army reached Galiacau. From this place Coronado departed for the 
city of Mexico, to make hiB report to the viceroy, only about one hun- 
dred of his army continaiog with him. " Castaiieda aaya he waa badly 
received by the viceroy, who nevertheless gave him a discharge; yet he 
loet his reputation and soon after his government of New Oalicia alao.*^ 
Thus ended this great expedition, which for extent in distance trav- 
eled, duration in time, extending from the spring of 1640 to the sammer 
of 1542, or more than two years, and the multiplicity of its coSperating 
branch explorations, equaled, if it did not exceed, any land expeditton 
that has been undertaken in modem times. 



Having given a general account of the routes pursued by Coronado 
and bis army and of the track of the transport vefiaela uuder Alw- 
con, I will now proceed to fix definitely, so far as I have been enabled, 
• the position of the several important places mentioned by CaetaSeda 
and other chroniclers. 

The first important poiiit after leaving the city of Mexico is Compos- 
tella, where the army rendezvoused preparatory to its setting out on its 
expraitioD. This point reached, the anny, in an organized oonditiotL, 
took up its line of march along the foot of the west base of the Sierra 
Nevada in the direction, west ot north, as iar as Sonors, on the Sonora 
Biver; from this place its' course was most probably more directly 
towards Chicbilticale, or northerly, through the mountains, as ^ na 
tbe plains of the lower portion of the Bio Santa Cruz, over whioh it 
continued its march to Chicbilticale. 

The towns of Compostelta, Culiacan, Cinaloa, and Souora, points of 
the routes, are laid down from the " military map of the United States^*' 
recently issued from the office of the Chief of Engineers United Statoa 
War Department. The other points are laid down from data obtained 
as ibllows: Chiametia, ttom "American Atlas, by Mr. Thomas Jeffreys, 
London, A. D. 1775 ;" Petatlan, 30 leagues north of Culiacan acocwdiug 
to C38t^eda,t and four days' journey according to Jaramilto.^ 

With regard to the position of the town of Corazones, it is difficult, on 
account of tbe vagueness of the narratives of Jaramillo and Coronado, to 
fix it. Jaramillo speaks of it as having been situated aboat five days' 
journey noithwardly from tbe Yaquemi Biver, and conveys the idea 
that it was near or on the Bio Souora.^ Castaiieda says, " in the lower 
part of the valley of 8onora is that of the Corazones, inhabited hy 
Spaniards." || Again, " Don Tristan decided to found and colonize a 
town called San Eiieronimo de los Corazones ; but seeing that it could aot. 
prosper in this valley, be transferred it to a place called Senora, 

'CaBUOeda's KelatioDB, Ternaox CoTupans, p. 327. Gomora says, " It grieved Don 
Aatoniu de Meudofa very much that the army retnnicd home, for h« bad apent aUoac 
thrco-Acnru thonaand ptiog of sold in the enterpriae and owed a groat part thetoof atUl. 
Man; sought to have dwelt there, but JfranciHco Vasquez de Corouaoo, who wm litit. 
(uid lately married a fair wife, would not consent, saying that they could not uuiiDtain 
nor defend themselves in ao poor a country and so far from mccor. They traveled 
about 900 leaffaes in this country." (The rest of the voyage to Aoueo, Tignex, Clsnie, 
and Quivtra, trom the Oeoeral History of the Weet IndiiM, by Fianoia LOpw de Qomoat, 
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(Sonoro,) and it has been bo called to this day."* Again, in another 
part of bJB Relations^ describing the places between ttie Sonora Biver 
aod Ohicbilticale, he mforms ue that " it 'was forty leagues ftom Bonora 
to the valley of the Snya, where was fonoded the city of San Hier- 
oninio.''t T^ow, my idea is, that the town of Corazones on the Sonora 
Biver was Sonora, so called because it was eminently the town of the 
province of Corazones, in which it was situated; and that San Hieronimo 
de lo8 Coraznnes was sitnated, according to Coronado, t«n or twelve 
leogaes from the sea,} and, as above stated, forty leagues from Sonora, 
on the Soya Biver; which wonld place it about where I have located it, 
on a river which is now called the San Ignacio.t 

From Sonora the march was, according to Jaramillo, four days to the 
Nexpa Biver. Jaramillo says: "After leaving Sonora we made ajonrney 
of foar days in a desert, and arrived at another stream, which we under- 
stood was called Nexpa. We descended the stream two days, and we 
qoitted it to the right at a foot of a chain of mountains, which we 
foUowed two days. They told us that it was called Ohicbilticale. After 
having left the mountains we came to a deep creek, the banks of whidi 
were escarped. Aiter quitting this stream, which is beyond the Nexpa 
of which I have spoken, we took a northeast direction," &c.|| 

Now the Nexpa, the stream they descended two days, I believe was 
the Santa Omz, running in a northerly direction, (the proi>er direction 
of their march;) the mountains, at the foot of which they also traveled 
two days, were the " Santa Catarioa Mountains :" and the stream which 
they then reached was the Gila, whose deep bed and escarped banks so 
exactly correspond with the description given by Jaramillo.^ 

l^e nest important place was Chichilticale. Here was the Casa . 
Gruide of which so much had been reported, and here the army com- 
menced its march northeastwardly across the ^'^at desert, on the far 
side of which were the seven cities of Cilwla. That the Oasa Grande 
was 80 sitnated, with regard to Cibola, there is no dispute; bat of ita 
exact location there is some question. 

Oastiuleda says: '* At Chichilticale the country ceases to be covered 
with thorny trees, and changes its aspect ; it is there the gulf terminates, 
and the coast turns ((Pest la- que le goife le termine et que la c6te toumejj 
the mountains follow the same direction, and they must be crossed to 
reach the plains again,"** 

■ CMt«neda'B Relatione, p. 44. tibld., p. 158. 

i Tbe «es (Gnlf of California) retnmeth towardB tbe west, right acaiast tli« Corasonea, 
the space of t«n or tnelveleaaQM. (Coronado'B Rel., Hakluyt, voXiii, p. 448.) 






i Ju thia connectioD it may be pertinent to remark, that San Hieroniuio ile los Cora- 
■onm, which seems to have been a sort of depot, was IrauHfcrTed tu Sonora; bat appears 
•till ti} have been kept as a post, for we are tolil that some of il« garriBon deoerted it, 
Ibr, among other reaflona, that they looked on it u ntelesa, " for the road to New Spain 

Msed b; a iitor» favorable direction, leaving Snja to the richt." This will atxouat 

T two rontei being laid down on tike acoompaoying map between Sonora and tbe 
Nexpa Siver. 

I Jaramlllii'B Relatlona, Tematix Compana, pp. 367 and 368. 

1 Mr. E. O. 8<]nler sappoBea the Nexpa to have been the Bio Oila. Hia lancnoge ia : 
"AllowlDg 30 miles to the day's match, which is abont the aver»([6 nuder favorable 
circa mstances, wo have 130 miles aa the tliKtanoe between the point on the Souora 
Biver IflCt by Corooado ia hia advance and Chichilticale, between lonKitudee 109° and 
110". This la, according tu tlie best mape, about tbe distance between the Souora River 
aod the Qila, called Nexpa by the chronicler." (American Koview for >tovomber, 1848, 
p. 6.) 

I cannot afcree with Mr. Sqnier in the fore^og stotemeat, for the reaaoii that the 
distance between tbe Sonora River and tbe Gila, according to the lateat map iaaued br 
tbe Engineer Department of the Army, is not 120 miles, bnt as much a* 390 miles; and, 
tb«r«km, aa many as right or ten days' journey inst«ad of four. 

■■ Casta&eda's fielatioua, Ternasx Compsns, p. 160. 
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Kow this oertaUilT shovs Hat OastaSeda bdieved Okiehilticale was 
Bitnated at the head of the Gulf of California. But tu^sordiuK to Coro- 
nado's report to the viceroy Meiido^a, this assuredly waa not tbe case; 
for be sa^B; "I departed fw the Corazuues, oad always kept by the sea- 
coast aa near as I could judge, and, in very deed, I still found myself 
tbe fkrther off, in such sort that, when I arrived at Chichiltie^, I found 
myself ton days' journey from the sea, and the father provincial (Marcos 
de Ni9a) said that it was only live leagues distant, and he had seen the 
same. We all conceived great grief, and were not a little oonfouiideil, 
when we saw that we found everything contrary to tbe informatiou 
which be bad given to your lordship."* 

In another ^ace, Corooado atat«s that the transport ships which had 
been ordered to cooperate with him had been seen off tbe oouutry of 
the Oorazones, on their way to " discover the haven of Chiclulticale, 
which Marcos de yi9a said was in flve-and-thirty degrees.'! 

The above certainly shows that both De lUi^ and Castaiieda at ODe 
time believed that Cbichilticale was at the bead of tbe gulf; and it la 
probable that both the transport vessels and army were ordered to 
communicate with each other at that point, on tbe suppositioii that it 
was a good harbor, and would be a capital place for a depot of supplies 
b^ore entering tbe great desert But Ooronado's report effectually 
explodes the idea of its having been found sucttf ^oA if there were mor« 
proof on this poiut needed, it would appear in the fact that neither 
Alarcon, who commanded the fleet and paa»ed up the Colorado River in 
search of tbe army, nor Melchior Diaz, who explored all around the 
head of the gulf, make any mention of having seen tbe place, wluch- 
they most assuredly would have done had they passed anywhere near it. 

But where was tbe exact location of Cbichilticale 1 In my opinion it 
was on the Bio Gila at Casa Grande, in latitude 33° 4' 21" nortii, tmd 
longitude 111<^ 45' west from Greenwich, and tbe following are my 
reasons therefor: 

It is distinctly stated by CastaDeda that tbe place was mu'ked by a 
Casa Grande, which, though then in ruins on account of having been 
destroyed by tbe natives, had evidently been nsed as afortreas; that it had 
been built of red earth, and was evidently tbe work of a civilized people 
who had come from a distance.} 

Now, the Brst ruin to be seen on the Gila, ascending it from its moatb, 
and tbe only one along its whole conrse wbicb bears any reseinblaoce 
to that mentioned by Castaiieda, and of which we have any record, is 
that described by Father Font, who, with Father Garces, saw it in 1775, 



b«Jbre referred to, m;8: "There isuomin on the Gila at the pi 

the above description," uod aoeiue to hare come to this oonolnaioD. because Captain A- 
R. JohuBt«n, Uait«d States Arm;, id bivjounial, (U. S. Ex. Doc. No. 41, 1<MU, p. &9e,> 
•ays, " Tbe honse was built of a sort of whit* earth and pebbloe, probably coatainii^ 
lime." Emo^ merely Bnyti, '■ The walls were formed of layers of taad," (Thirtietb Cod- 
»(«, Fint SemioD, Ex. Doo. No. 7, ■>. 82 ;) aoU Bartlett in hU Personal Nartativs, n. 
972, infonna na that " The walla are laid with large square blocks, and tbe materikl t» 
tbe mtid of the valley mixed with gravel." 

Hr. N, H. Hntton, civil engineer, asaiatant to Lieutenaat Whipple, in bis explor*tion» 
for the Paeiflo Railroad in Ia&3-'54, and at present my uaaiatwit, asenres me that he ham 
seen the locality and themiua, and tbat the Caaa had evidently been built of theearth 
in the vicinity, which U of a reddiah color, though in certain retlectlona of the aame tlio 
bnildliiK appeared whitish, on acoonnt of the pebbleeooataiued In the maaa. Caataned& 
Id bis Belauons, p. 41, aays : " Cette matsoD, constniite en lerre rooge ;" and p. 16L, 
" La terre de ces pays eat rouKe," Id addition, what mote natimtl than tba^ 
Emory aadBartlett, findiiw the odIot of the building nothing diffiareBtfiam that of Um 
■oilin that legion, shonld&il to Bay anytJiing about it f C ()1>qIc 
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on their jooriiey to Hooterey and tbe port of Sau Francisoo, and which 
same min vas aubseqoently visited and described b; Emwy, of the Corpe 
of Topographical Engineers, in 1847. 

Father Font's description of it is as follows: 

" Ou the 3d of October, 1775, tbe conimaBdaDt ordered ns to bait, in 
order that we might visit the Oasa Grande, known by the name of Monta- 
Boma, situated one league from the lUo Gila. We were accompanied bj 
some Indians, and by the governor of TTturitnc, wlio related to na ou 
the way tbe tradition be had received from bis ancestois about tbia 
bonse, some of tbe particulars of which are doubtless fabulous and othwa 
again true. 

" The latitudeof the locality we fonnd by an observation of the sun to 

" The Casa Grande, or palace of Montesuma, must have been built five 
hundred years previously, (in thethirteeDthcentury,)if weare to believe 
the accounts given by the Indians ; for it appears to have been con- 
structed by (he Mexicans at tbe epoch of their emiCTatiou when the 
devil, conducting them through different countries, Ted them to tbe 
promised land of Mexico. The house is seventy feet trom north to south, 
and fifty from east to west.* The interior walls are four feet in thick- 
ness; they are well constructed ; the exterior walls are six feet thick. 
The edifice is constructed of earth, in blocks of diiferent thickness, and 
has three stories. We found so traces of stairwaysj we tLlnk they 
mast have been burnt when the Apaches bnnit this ediftce."t 

Emory's description, evidently of this same building — for the old mapa 
place Father Font's i!asa Grand'e ou the Rio Gila, just above the Lima 
Tillage, where Emory locates it — is as follows: "About the time of 
QOOQ halt, a large pile which sdemed the work of human bauds was 
seen to tbe left. It was tbe remains of a three-story mud-bonse sixty 
feet square, pierced for doors and windows. The whole iuterior of the 
house had been burnt out, aod tbe walls much defaoed-^f 

This description, though not precisely the same as that of Father 
Font, yet is sufiicieutly close, with the identity of the location, as before 
stated, to show that they have reference to tbe same building. Now, 
£mory by astronomical observation found the latitude of his cam|> near 
this locality to be 33° i' 21" north, and tbe longitude west from Green- 
wich 111° 45'. Father Font, as before stated, determined the latitude 
to be 33A°} but as Emory had, without doubt, far superior instruments, 
his resnlts are preferable. 

We have then, as we tbiuk, located Chichilticale, the site of Casa 
Orande, with a strong probability of accuracy. 

On Squier's map of Coronado's route, accompanying the paper on this 
subject, in tbe Transactions of tbe Ethnological Society, (vol. 2,) by 
Albert Gallatin, I perceive that he makes Coronado to cross the Gihi at 
Casa Grande, but places the latter in about latitude 32°, and longitude 
110°; or more than a degree too far eoutb, and nearly two degrees too 
tax to the east. 'Sov, as Jaao Jaramillo, who was a captain in Coro- 
nado's expedition, in bis report says the general direction of their march 
trom Chichilticale to Cibola was northeast,^ a line drawn from Ohiohil- 

■ A Spanish Toot ia 0.91319 of aa EtJcIUh font. (United Stat(« Ordnanco Miinual.) 

t Jonniail of Father Font, of thu college of Sunta Cni» of Qnuretaio. Appt^tiiiis Vn, 
Caatenedoi's Belatiooa, Tenuiax Compani' Collootiona ; stw alio Humboldt'H " Esitai Poli- 
tique Sill ta Royauuie de la NouvuUu Eapaaoe," udUioD of IBU, pp. 3G, 297, 2!M. 

X Kotea of a military reconuuiiisatice mode by LieutcDaut Colonel William II. Emory, 
Corps of Topographical KogioeeTO, in lS46-'47, nith the advance gnsrd of the Aim7 of 
t»ieWeBt,p.8£ I 

i Joan Janunlllo'a Relationa, Temanx Compiuu' CoUMtiona, tp. 366, 30>. > OOQ K 
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tacate as laid down on Squier'a map woald not pass throngh or near 
ZnSi, (identical on bis map with Cibola,) as it on^bt to do, bnt more 
than a degree totbeeastof it; thnssbowingbispositionof Cbicbilticale 
manifestly erroneons. 

Again, on tbo map of B.H.Kem, accompanying "Scboolcratt'sHistoiy 
of the Indian Tribes of Nortb America," he places Cbicbilticale as mum 
as a degree of latitude south of the Oila and in longitude 109°. Here 
again a line in a northeast direction from Chichilticale would not pass, 
as it should, through or near Znui, (identical, as Kern thinkH, with Ci- 
bola,} but more than two degrees to the eastward of it ; which also shows 
bis position of Chichilticale very considerably out of the way. 

Tbe next and most important inqairy is the exact locality of the seven 
cities of Cibola. Gallatin, Squier, Whipple, Professor Turner, and 
Kern, have contended for ZuHi and its vicinity. Emory and Abert, on 
tbe contrary, have conjectured that Cibolletta, Moquino, Pojnati, Covero, 
Acoma, Laguna, and Poblacon, a group of villages some ninety miles to 
tbe eastward of ZuQi, furnish the site of tbe seven cities ; and Mr. Mor- 
gan, as I have before remarked, in the Kortb American Re^'iew for 
April, 1860, has advanced the idea that the ruins on the Cbaco, lying 
about one hundred miles to the northeast of Zuni, more completely 
satisfy all tbe conditions of the problem which the accounts of Coron- 
ado's Journey, by Castaneda and others, have imposed on its eolation. 
To my mind, however. Zuiii and vicinity present tbe strongest claims 
to being considered tue site of the renowned cities, and tbe following 
are my reasons therefor : 

It seems that &om Chichilticale to Cibola, the direction of Coronado's 
route, according to Jaramillo, as before remarked, was generally north- 
east ; and from Coronado's report I extract in relation to it as follows. 
He is speaking of what occurred after leaving Chichilticale : 

"I entered the confines of the desert, on Saint John's day eve, and to 
refresh our former travels we found no grass, but worser way of mona- 
taioB and bad passages where we had passed already ; and the horses 
being tired were greatly molested therewith ; but after we had passed 
these thirty leagues, we found I'resh rivers and grasses like that of Cas- 
tile, &c; and there was Sax,'bat chiefly near the banks of a certain 
river, which, therefore, was called El Eio del Lino, that is to say, the 
Eiver of Flax ; we fonnd no Indians at all for a day's travel, but after- 
ward four Indians came out unto us in peaceable manner, saying that 
they were sent over to that desert place to signify unto us that we were 
welcome."* 

In addition to the foregoing, CastaCeda says that In altout fifteen days 
from Cbicbilticale " they arrived within eight leagues of Cibola, upon 
tbe bauks of a river they called the Veruiejo, on account of its red 
color;''t and Jaramillo remarks that in approaching Cibola " always in 
the same direction, that is to say, toward tbe northeast, they came to a 
river which they called the Vetmejo ; that here they met one or two In- 
dians, who afterwards tbey recognized as belonging to tbe first village 
of Cibola ; and that they reached this village in two days from when 
tbey bad first met them."^ 

Now let any one consult the accompanying mapj reduced from the 
latest map issned by the Engineer Bureau at Washington, and he will 

* Haktnyt'fl Voyagoa, vol. iii, p. 449. 

tCastalloda'B Eelatioiw, Temanx Compana, p. 41. 

t Janmillo^ Belalioiu, Temnux Compaua, p. 389. (^~ qqo |^; 
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see that Ooronado's march from Chiohilticale, or Oasa Grande, mtut 
have been very nearly coincident with the root© ttiere laid down, to wit: 
in a northeasterly direction for the first thirty leagues, over the roagh 
Pinal and Mogollon Mountains ; and then getting on the tributaries of 
the Rio ifel Lino, or Flax River, where he found " fresh water and grasses,' 
he followed up the Vermejo, or Colorado Kiver, to Cibola, or Zufli of the 
present day and its vicinity, where he found the other six cities. The 
distance by such roat^e, between Chichilticale and Znili, would be about 
270 miles, or reqnire a journey of 17 days, (about 16 miles a day,) the 
time it took Coronado to accomplish the distance ;* and this agrees quite 
exactly with the distance, 80 leagues, as given by CastaQeda in another 
place t 

But there are other good reasons for this belief. At Zu^i and ita 
Ticinity, within a distance of about 16 miles, and on the banks of the 
■Verm^o, or Little Colorado Eiver, there are the rains of as many as six 
pneblos, all showing that they were once built of stone ; and, with the 
present Zuiii, doubtless they constituted the "seven cities" which, ac- 
cording to Coronado, were all bnilt "within four leagues together," ( 
and according to Castafieda were "situated in a very narrow valley be- 
tween des Montoffnea Escarpies,^ which may have been intended to 
mean escarped mexu, or table lands, Just as close in the valley of the 
Little Colorado or Bio de Zu&i. *- 

la my report to the Chief of Topographical Engineers of my recon- 
noissaoce made in the Navf^o country in 1848, 1 described Zuni as fol- 
lows: "The puebloof ZoBi, when first seen abont three miles off, appeared 
lite a low ridge of brownish rocks, not a tree being visible to relieve 
the nakedness of its appearance. It is a pueblo or Indian town, situ- 
ated on the Bio de ZuSi. This river at the town has a bed of about 150 
yards wide. The stream, however, at the time we saw it, only showed a 
breadth of abont 6 feet and a depth of a few inches. It is represented 
as running into the Colorado of the West. The town, like Santo Do- 
mingo, is built terrace-shaped, each story — of which there are generally 
three— as you ascend being smaller laterally, so that one story answers, 
in fact, for the platform of the one above it. It, however, is far more 
compact than Santo Domingo, its streets being narrow, and in places 
presenting the appearance of tunnels or covered ways, on account of 
the houses extending at these places over them." || 

Lieutenant A. W. Whipple, Corps Topographical Engineers, visited 
the rains of old Zuiii in 1853-'54, and in his report to the War Depart- 
ment thns describes the place : " We took a trail and proceeded two 
miles Boath to a deep ca&on, where were springs of water. Thence by 
a zigzag course we led our males up the first bench of ascent. At vari- 
oas points of the ascent, where a projecting rock permitted, were barri- 
cades of stone walls, from which, the old man (bis guide) told us, they 
had hurled rocks npou the invading Spaniards. Having ascended, 
according to our estimate, 1,000 feet, we found ourselves upon a level 
sorfiice covered with thick cedars. The top of the mesa was of an irregu- 
lar flgnre a mile in width, and bounded on all sides by perpendicular 
<diflfo. Three times we crossed it, searching in vain for the trace of a 

* CMtaneds'e B«lAtioiu, pp. 41, 43. 

t Ibid., p. 1B«. 

X Coronado'i Relations, HaUnyt, vol. ifi, p. 451. 

f CastaCeda's Belations, Temani Compans. p. 161. 

I " Joaraal of a military reconnoiiwaiice from Saul* T6, New Mextoo, to tb'c Nar^o 
oonntry, made liy Lieatenant J. H. Sinuiaao,, Corpa of TopoKTaphioal ED)(igearB, la 
1849," United States Senate Ex. Doc. No. 64, 31at Congreaa, Igt seHion, 1^0 ; also, Li^ 
piooott, Oram bo & Co., Philadelphia, 1858, pp. S9 and 90. 
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rain. Bat the ^de hurried as on half a mile forther, when appeared 

the rains of a oity indeed. Crambliog walls from 2 to 12 feet hign were 
orowded together in confased heaps over severe acres of grouad. Upon 
examining the pueblo we found that the standing walls rested opon 
rains of greater antiquity. The primitive mattonry, as well as we catM 
judge, must have been about 6 feet thick. The more recent was not 
more than a foot, but the small sandstone blocks had been laid in mad 
mortar with considerable care."* 

Now I take it that old Zuui was one of the s^ven towns of Cibola, 
called by Corouado " Grenada, because it was somewhat like to itr^f and 
the narroic winding way, ascending which Goronado was knocked down 
by stones hnrled npou him by the defenders,!: was in all probability the 
very zigzag approach mentioned by Whipple, and which he found so 
difficult in his ascent to the ruins. 

The other six towns were doubtless ZuQi of the present day, and those 
whose ruins are bo be found Btill further up the valley, showing they had 
been stone structures, and to which I refer in my report before referred 
to, as follows: " Within a few yards of us are several heaps of pueblo 
ruins. Two of them, on examination, I found to be of elliptical shape 
and approximating 1,000 feet in circuit. The buildings seem to have 
been chiefly built on the periphery of an ellipse, having a large interior 
court; but their style and the details of their couBtrootion, except that 
they were built of stone and mud mortar, are not distinguishable in the 
general mass. The areas of each are now bo overgrown with bushes and 
BO much commingled with mother earth as, except ou critical examina- 
tion, to be scarcely dtstingniBhahle from natural mounds. The usual 
quantum of pottery lies scattered around. The governor of Zuui, who 
Ib again on a visit to us, informs us that the ruins I have just described, 
as also those seen a couple of miles back, are the ruins of pueblos whicb 
his people formerly iuhabited."§ 

There are other circamstauces of relative position of places which 
point most indubitably to the same conclusioo, as follows : Oastaiieda 
repeat«dly states that Cibola was ttie first inhabited province they loet 
going north from Ghichilticale a/ler they crossed the desert, and tbelaat 
they left be/ore entering the desert on their return to Mexico. Agaia, 
the present relations t« each other of ZuQi and the Moqui Pueblos, aad 
also of Acoma, perched on a mesa height, In regard to courses and dis- 
tances tally sufficiently near with the positions of Tusnyan and Acnco, 
as given by Oastaiieda, namely, the former northwest 23 leagues and tlie 
latter eastwardly five days' journey from Uibolu^H as to make it exceed- 
ingly probable that tbey refer to the same localitieB.1I Again, Castaiiedo, 

* Pacific B. B. Ruporti, vol. iii, pp. 68, 69. 

t Coronodo's Relation, Hakluyt, vol. hi. p. 451. 

'"CependaDt il fallait B'empnrer de Cibota ce qai n'^tait pna ehoae &ci1e, i 

• ■ ' "' • 1 flit - " 



ehemln qui y condaiaaat 6tBit itrolt et t4>rtii«ux. Le CModrsl fiit fenTOMf d'D] _^ 
de piene en montant 4 1'aasaut," Ao. CaatMoi»'» BeL, TenMux Compuia, p. 43. 

i SimpsoD's Journal, p. 97. 

g CaslnflMa'a Rplatioiie, Ternanx Compans, po, 58, 67, 68, 69, 70, 165. 

HMr. Squier, in his artinle on the " Ancient Montimptita, Ac, in Sew Mexico aud C»]- 
Ubrnia," in Amerioan Review for Noveiober, 1U48, give* tb« pogitioD of Tuaayan from 
Cibola, hoiK nortlieanl and northtTeat from Cibola, and on bin map accompsnjioff Mr. 
Albert Gallatin's Euay, in the Tranftactioua of the Araerioon Ethnological Society, v-ol. 
ii, he has placed it in a northeant direction. The proper direction of Tuaayan with 
regard to Cibola is northwest. (Aee CastaDeda't KelattonB, Temanx Compans. p. ]iS&.) 
Besides Cardenas, on hia way to the Bio del Tlznn, (Colorado,) passed through Tnaay^iui 
from Ciboln, which makes it all very nataral if Tuaayan was northwest m>m Cibola, 
but nonid not be •» If il was in a nortiieaal direotioa, m Ud down ou Mt. Sqiiibr^ 
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deseribiDg the valk^ in vhieh tba proviiic* of Oibola vas Bitaafiod, 
Bays, " Cest ane vall^ tr^-etroite enti'e des tnoata^es ttHcarpdes,"* 
wbich is an exact description of the vallej' at the Bio de Zuoi, coD&ned 
between the walls of indosiug mesas. Again, Jaramillo says " this firat 
village of Cibola is exposed a little towards the uortbeast, aiid to the 
northwest in about live days' journey is a province of sevea villages 
calkd Tasayan,! all of which exactly accords with the exposed position 
to the northeast of old Zoni and corcectly dascribes the-location of the 
Hoqui village& 

But there is some historical evidence npon this point which I consider 
iirefragnble, and which certainly malies Zuui and Cibola identical places. 

Beferrinf; to the relation of a notable journey made by Antonio de 
Eepejo to New Mexico, in 1583, to be foand in Hakluyt's Voyages, voL 
iii, I read as follows : "Antonio de Esp^o also visited Acoma, situated 
upon a high rock which was about 5U paces high, having no other en- 
trance but by a ladder or pair of stairs hewn into the same rock, whereat 
our people marveled not a little. 

" Twenty-five leagues from beuce, toward the west, they came to a 
certain pro\ince called by the inhabitants themselves ZuHi, and by the 
Spanianis Cibola, containing a great number of Indians, in which pro- 
vince Fraucisco Vaaquez de Corouado had been, and had erected many 
crosses and other tokens of Cbri^itiauity, which remained aa yet stand- 
ing. Here also they found three Indian Christians who had remained 
tiiere ever since the said journey, whose names were Andrew de Culia- 
can, Caspar de Mexico, and Antonio de Giiadal^)ara, who bad about 
forgotten their language, but could speak the country speech very well ; 
howbeit after some small vouference with our men they easily under- 
stood one another." 

Kow turning to Castaneda's Belationa, where he gives an account of 
Corouado's leaving the country for Mexico, I find his language aa fol- 
lows : " When the army arrived at Cibola it rested for a while to pre- 
pare itself for entering the desert, for it is the last point inhabited. We 
left the country entirely peaceful ; there were some Indians from Mexico 
who had accompanied us, who remained there and established them- 
selves, (il y ent m^me quelqnes Indiens du Mexique qui nous avaient ac< 
compagn^, qui y rest^rent et s'y ^tabUrent.")! 

Thus it would seem that the two accounts of Espejo and CastaOeda 
correspond in such a manner as not to leave the slightest doubt that 
Zuni of the present day is the Cibola of old. Corouado left three of 
his men at Cibola, who were found living there by Gspcyo and his party 
forty years afterwards ; they had nearly forgotten their original lan- 
guage, but yet, after awhile, managed to converse with some of Esp^o's 
men. Whi^ more natnraJ, and, indeed, what could have been a more 
interesting topic than the adventiures of these men ; how they got the,re, 
and whetbfT ZuBi was veritably the far-famed Cibola that forty years 
previously had excited the attention of the governments of New and 
Old Spain. Espejo, nnder the above circumstances, reporting that the 
Spaniards called ZaSi Cibola, certainly could not have meant anything 
else than that be believed it veritably soch. I have been thus [>articu- 
lar with regard to this testimony, for the reason that Mr. Morgan, in his 
essay already referred to, while he recognizes the historical fact of ZuSi 
having been called by the Spaniai'ds, according to Espejo's Relations, 
Cibola, in 1583, yet advances the idea that alter all Espejo probably 

* CHalBHeda's ReUiliooa, Temaax Compans, p. 164. 
t Janunlllo'B Rdatiuos, Temaux Com^DB, p. 370. 
tCaslaSeda's BelatioDS, Temaux Compuia, p. 817. , OD'jic 
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only meant to express that they coDjectnred the places to have been 
identical. 

It seems to me that vhat I have advanced showa most conclasively 
that Cibola and ZuQl are identical localities, and nothing conld be said 
which could make it more certain ; bnt as corroborative I will stat« that I 
have seen in the excellent library of the Peabody Institute of Baltimore 
an atlas entitled " The American Atlas, or a Q«ographicaI Description 
of the whole Continent of America, by Mr. Thomas Jeffreys, Geogra- 
pher, published in London in 1773." On map Xo. 5 of this atlas, Znili 
and Cibola are laid down as synonymoas names, and the locality they 
express is precisely that of ZnBi of the present day.' Again, on a 
" Carte contenant le Boyanme du Mexiqne et La Floride," in the " Atlas 
Historiqne par Mr. C • • • avec des dissertations snr I'Histoire de 
cha^jne etat par Mr. Guendeville," tome vi, second edition, published 
in Amsterdam, 1732, 1 And Zuf)l and Cibola laid down as synonymous. 

In this connection it may be proper to observe that the claims of Ci- 
boletta, Moqnino, Poquate, Covero. Acomo, Lagnna, Poblacon, as con- 
jectured by Emory and Abert to be regarded as the seveu cities of 
Cibola, are rendered unll by the historical fact mentioned by Castaileda, 
and also by Jaramillo, that the latter were sitnated on the Rio Vermejo, 
(Little Colorado,) a tributary of the Southern Ocean ;f and also by the 
circamstance of the army, on it« march from Cibola to Tigaex, finding 
Acnco (Acoma) five days' Journey to the eastward of Cibola, a circnm- 
Btance which could not have taken place if Acnco (Acoma) were one of 
the seven towns of Cibola. Besides, CastaQeda, in ennmerattog the 
villages dispersed in the country, expressly states that '^Cibola is tbe 
first province : it contains seven villages j Tusayan, seven; the rock of 
Acnco, one, &c.,X which certainly showa that Cibola and Acuoo were 
separate and district provinces. 

Again, I cannot see that the ruins of the Chaco, which, according to 
my explorations and reading are probably, on account of their extent 
and character, the most remarkable yet discovered in this country, have 
any just claims, as advanced by Mr. Storgan, tobe regarded as the seven 
cities of Cibola ;§ first, for the reason that they are not, as required by 
historical fact, situated on the Kio Vermejo, (Little Colorado,) or tribu- 
tary of the Bio del Lino or Flax Biver; second, they are not so situated 
with regard to the desert passed over by Coronado, between Chichilticale 
and Cibola, as to make the statement of Castafleda pertinent, to wit, 

* On this atlss ig indorsed, " Presented to the Fenbody Inititnte by tbe Hon. John P. 
Kennedy, April 1, 1864. By this map the great dispute batween Uaniel Wttbeter mm! 
Lord AshburtoD (relating uoalitlest to tbeDUttheMtembDiuidary) wasBettled.pu-tua- 
latly by map No. 5." 

t " All the streama we met, whether rivulet or river, a« far as that of Cibola, and 1 
believe even one or two days' Jonmoy beyond that placi>, flow In the dirertion of the 
South Sen, (Mer du Sod,) meaning tbe Paciflc Ocean ;" farther ou they flow to tbe 
North Sea, (Merda Nord,) meooingtheOalf of Mexico. Janimlllo'a Eolations, Temaox 
Compana, p. 370. 

t Coetanpda'B KHlations, TenianK ComtianB, pp. ISI, 102. 

^Mr. Morgan, in his essa; before reterred to, bavins already mode lar)^ extraeta 
from my report to the Oovernment on these rains, I deem it unnecessary to say any- 
thing further in relation to them than to refer the reader for a more detailed acounnt 
to said report. It is interesting, however, In this connection, to prcseDt th«. fullowtDBr 
extract from Humtiolilt'sEBSaisurleSoyanniede laNouvelloEBimcne, poseXia, whicn 
in all probability refers to these veir rulna: "The Indian traditiona liJbrm ua that 
■ometwentv leagnee to tbe north of Moqoi, near the embouchure of the river Zcjaanaos, 
a river of the Nav^oa, was the flr«t resting place (daiwart) of the AEl«ce after their 
aartie front Atilan.^ Asain, on bis map accompanying hia Eseny, le the following : 
"E^miere demenre dee Azteqnes sort^ d'Attlan en 1160, tradition In eertkine," in lon- 
gitude aboQt X12°30", laUtQde 37°. t "ciOU it' 
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that Oibola was th.e first village to be met after paggioff the deaert, and 
the last OD leaviog the peopled coontry b> eater the &sert; third, the 
Moqui Tillagea (ondoabtedly Tasayan) do not lie to the oorthwest from 
the ruins od the Cbaco, as they should do if these ruins were Cibola, bat 
to the south of west; and fourth, the route of Ooronado's army eastward 
from there to Cicuy6, by the way of Acuco, (Acoma,) would have been 
very much and unueeessarily out of the proper direction. 

Mr. Morgan mentions tbe fact stated by (Jurouado, that it was eight 
days* journey from Cibola to the baffaio range. This, be thinks, could 
Tery well have taken place on the hypothesis of the Chaco rains having 
been Cibola, bat not on tbe sappo^tion of ZoQi. But tbe distance of 
Ztifii to the baflalo range east of tbe Bio Pecos is only about 230 miles, 
which certainly could have been reavhed in eight days, allowing the 
journey he does of 30 miles per day. 

But to proceed with the principal points of Goronado'a route eastward 
from Cibola. I believe that all authorities who have written on the 
subject concur in the view that the Pueblo of Acoraa, or Hak-koo-kee- 
sh, as it is now called in the Zuui language, is the Acnco of Colorado. " 

The singular coincidence of tbe names, as well as tbe striking resem- 
blance of tbe two places as described by Castaiteda and Abert, which 
cannot be predicated of any other place in New Mexico, together with 
the proper relation of Acoma to Zaiii (Cibola) and Tiguex in distance 
and direction, all show that they are identical, t 

The next province Gorooado entered was that of Tignex. Hr. Gallatin 
Iiss locat«d it on the Bio Puerco. His language relating to it is as fol- 
lows: "Having compared those several accounts (of Castafieda and 
Jaramillo) with Lieutenant Abert's map and with that of Mr. Gregg, it 

* Lieutenaut Colonel J. H. Enton, Unit«d States Army, writing on this subject, re- 
marks: "Id D cotiverBation nitli a very intelligent ZaQi Indian I leacneil thnt tbe 
Pueblo of Aooma is called in tbe Znlli tougiie Hnk-koo-kee-ab, (Acnco,) and tbis name 
was ^ven to me withont any previoDit qaestion wblcb nonld nerve to give bim an idea 
of this old Spanish name. Does not this, therefore, seem to fcive color to tbe b;paUiewH 
that CoroDado's amiy passed by or near to the present Pueblo of Zuni, and that it was 
their Cilwiliv, or one of the seven cities of Cibola." (Schoolcraft's History of tbe Indian 
Triliee of the United States, part iv,.p.S20.) 

I The following graphic description of Aooma Is from Abert: "Afterajonmeyof 15 
milee we airived at Acoma. High on a lofty lock of tandttooe, such as 1 have de- 
scribed, sits the city of Acomo. On the northern sideof therock tbemde boreal blast* 
have heaped up the sand so as to form a practical ascent for some distance ; ttie rest of 
tbe way is through solid rock. At one place a singvilar opening or narrow wav is 
fbrmed betwaen a huge, sqnare tewer of rock and tlie perpendicular face of the cliff. 
Then the road winds ronnS like a spiral stairway ; and the Indians have, in some way, 
fixed lost of wood in the rock, radiating from a vortical axis, like steps. These afford 
Ibotbold to man and beast in clambering up. 

"We v/Kie constantly meeting and possmg Indians, who had their 'bnrros' laden 
with peaches. At last we reached the top of tbe rock, which was nearly level, and cou- 
tkias about sixt^ aeres. Here we saw a forge church, and several contlnaoas blocks of 
buildings, containing sixty or seventy honses in each block. (The wall at the side that 
faced outward was unbroken, and ha^l no windows nntll near tbe top. The hoases 
were three st«riee high.) In front, each stoty retreated back as it ascended, so as to 
leave a platform along tbe whole front of the story. These platforms aru gnanled by 
parapet walls about tnree feet high. In order to ^n admittance yon ascend to the 
"~""d story by means of ladders. The next story is gained by the same means ; but 
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- . ., r roof, the partition walls on the platform that separates the 

qaoTten of difiareat litmiliea have been formed into steps. This makes quite a narrow 
Bt^rcate, as ths walls are not more than one foot in width." (Raport of Lieutenant J. 



W. Abert, Corps TopogTaphioal Engineers, of his examination of New Mezloo u 
fMiB iSAjfr, Ex. Doc 41, 30th Congress, Ut aeaaion, pp. 470, 471.) . ~ , 



appears to me probaUe ftat t^ IH^ex conntTy lay, not on t9w msdn 
Bio Korte, bat on its tribntwy, the Bio Paereo and its bnmcbeB, and 
that the nver which the Bpaniards called Cicay£, and on which they 
were obliged to build a bridge, was the main Bio del H'orte."* 

Mr. W. H. Davis, author of "El Gringo; or New Mexico and her 
People," published in 1863^takea the same view. 

Mr. Squier believes the Bio de Tignex to have been the Bio Orande, 
and the Bio de Cicayd the Pecos, bat locates Tignex on the Bio Grande, 
i^mve the mouth of tiie Pnerco. Messrs. Kern and Morgan take the same 
view. / 

According te my investigations I believe the Eio Tignex to have been 
the Bio Grande, and the Eio deCicQj-6 the RioPecoa; bnt while lam 
willing to admit there are some grouuds for the hypothesis that Tignex 
was located on the Eio Grande above the moat* of the Pnerco, yet I 
think there are still stronger grounds for the belief that it was situated 
on the Bio Grande below that nver. 

Gastaiieda says, " Three days' journey from Acnco (Acoma) Alvarado 
and his army anlved in a province which wn^ called Tiguex.''i 

Again, " The proviooe of Tignex contains twelve villages, situated on 
the banks of a great river in a valley about two leagues broad. It is 
bounded on the west by some mountains, which are very high and cov- 
ered with snow. Fonr villages are built at the foot of these mountains 
and three others upon the heights."^ 

Xow, as Coronado and his army marched eastward ^ from Acuoo, 
(Acoma,) and they accomplished the distiince in a three days' journey 
and then came to a large river, on the banks of which was situated the 
province of Tiguex, it is clear that ae the Bio Grande is the tirst large 
river to be met eastward from Afnico (Acoma) at a distuice varyinft 
from sixty to eighty miles, depending on the route taken, this was tlw 
great river refeiTed to, or the liio de Tiguex. 

The idea of Mr. Gallatin and Mr. Davis that the Pnerco was this river 
is, I think, entirely nutenable, for the reason that this river in its best 
Bt^e is only about <»ie handled and twenty miles long, and frequently, 
as I myself have observed, so dry that its existence could only be in- 
ferred from its dn* bed and the occasional pools of water to be met 
aloDgits track. It certainly, then, could not with any propriety be 
called a great river, as the Rio de Tignex was represented to be. 

In addition, we leun that the guides who conducted the army back 
to Cicuy^, on ite return trom its search after Quivira, declared that t^e 
Eio de Cicuy6 threw itself into the liio de Tignex more than twenty 
days' journey (or over four hundred miles) below where they struck itn| 
which would have been an absurdity if the Tiguex were the tri&ing Bio 
Pnerco, and the Gicuy6 the Eio Grande, as Mr. Gallatin supposed ; but 
which is all very plain on the hypothesis that the Tignex was the Bio 
Grande, and the Gicay6 the Feoos. 

Bat where was the exact location of the province of Tignezf 

It was certainly Mow Hemez and Quiriz, (8»n Felipe,1|) for tlie ofaroQ- 

* TmnactionB Amraiaaii EUmolagiokl Soi^at;, vol. S, p. 73. 

i CMtaltBda's Retktknis, TertiAQX Compam, p. 71. 

1 CMtaDeda'i BeUtions, Terokux Compana, pp. 167, 168. 

i Ibid, p. 67. 

I CaataAedk'B BelatkuM, Tenutux Compftca, p. 135. 

i On the old maps, m abo on BnmbaMt's, illmtiwtiiiK hn " Koavella TIii|i«giiii," I 
notice the p«Bblo of San Felipe ia laid down m" 8. Feltee* Omtm," whtahl am Ib- 
forned ia ita qmim at Uiia day. Indeed, Oreffi. vMking of ontain pneUtM in Nw 
Msxioo, aaya, " tbow of Ooehlti, aoMo DotniBgo, San FMipe, aad pailiaM Baodia, ^ei* 
the same toQKne, tttongti the/ ae«n fennnly to have b«aii diaMiaiiilml m QMMa" 
ioftliePr»£ioa,BdediUon,ToLi,p. 869.) CoHqIc 
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ider sMea that fartber to tlie north (from Tigaex) is the provinoe of 
Qqutx, which ctmtaiDa seven Tillages; aeven leagues to the northwest 
(which may toeaa from Qairiz or Tigaex) that of Hemez, -rihidb con- 
tains the same oamber, &c. ;* the text says, "Dord-est," bat this is 
evideDtly a mistake, as the oldest maps extant place Hemez where it is 
now sitaated, on the ^o de Hemez, to the west of the Kio Grande. 

The foregoing would aeem to show conclusively that Tiguex was eit- 
Dsted below Quinx, and possibly, auder one of the ooostnictious given 
above, only seven leagues or twenty-fonr miles below Hemes, which 
would place it on the Rio Grande just abont the mouth of the Kio de 
Hemez, or about 80 miles above the month of the Pnerco, where the 
authorities above given have placed it. Bnt yet the extract before 
given from Oastafieda expressly states also that the "Province of Tig- 
nes was sitnated upon the banks of a great river (Rio de Tiguex) in a 
valley about two leagnes broad, and bounded on it« west by some very 
high, snowy monntaius," &c. Kow, the only locality which will answer 
this description is that part of the valley of the Rio Grande bounded on 
its west by the Socorro Monntains, sitnated just below the moutb of the 
Pnerco. These are the tlrst mountains to be met in descending the river 
fromSantoDomingo, or from even above that pneblo, (all the intervening 
heights being merely table-lands and therefore not so elevated as to be 
termed snowy.) end they fix the locality, in my jndgment, as I have 
before stated, belou) the month of the Pnerco. 

I have, therefore, on my map located the province of Tignex on the 
Bio Grande below the Bio Pnerco, at the foot of the Socorro Monntains, 
which bounds it on its west; and it ia somewhat confirmatory of this 
positioB that on the map No. 5 of " Thomas Jefitreya' Atlas," befbre re- 
ferred to as excellent authority, I find Tigua, no doubt intended for the 
ftame place, or province, located in the valley of the Rio Grande, just 
where I have locat«d Tignex, namely, at the foot of the Socorro Moun- 
tains. 



The next important place in the route of Ooronado frt>m Tignex was 
Gicuyd. GastaQedo says: "After a jonmey of five days ftvm Tignex, 
Alvanido (with hia detachment of tweuty men) arrived at Cicu^^, a 
very well fortified village, the houses of which are four stories high."t 
Again, "The annyqnitted Tignex on the 5th of May (1531) and took the 
route to Cicuy6, which is tweaty-flve leagues distant "f Jaramillo states 
the direction to have been " northeast.''^ In another place CastaBeda 
remarks that " Cicnyfi is bnilt in a narrow valley, in the midst of monn- 
tains covered with pines. It is traversed by a small stream, in whidi we 
caught some excellent trout."!! 

Sow, all this points, as I believe, to the ruins of Pecos, on the Bio 
Pecos, as the site of Cicuy^, and in this I agree with Mr. Bqiiier and 
Mr. Kern, These ruins are in a northeast direction from the supposed 
position of Tignex, and about five days' journey distaat. They aire 
also situated in a narrow valley in the midst of mountains covered 
with pines, and the site is traversed by a small silvery stream, in which 
may be caught some excellent trout. I certainly know no other piace 
thfli in so many respects salts the conditions of the problem ; bat tha 

* CoataHeila'B Relationa, Temaus Compaus. 

t CaBbJAada'a RelBtiom, T«ma«ix CompMU, p. Tl. 

t CaBtaneda's Relations, Teroaaz Compana, p. 113. 

i JalmmiHo^ Belationa, Teraamc CompMiB, p. S71. 

I Caalaneda's BelAtioDB,T«ntMiK CowpaBB, p. ITt. ( 'i-ii^^oic 
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Coronado'a description of the region ia aa follows: "The proviDce of 
Quivira ia 950 leagues (3,330 miles) fttun Mexico. TUe pliMie I have 
reached ia tbe 40° of latitude. The earth is the be«t possible for all 
kinds of productions of Spain, for while it is very strong and black, it 
is very well watered by brooks, springs, and rivers. I foand prunes 
like those of Spain, some of which were black, also Bome excellent grapes 
and mnlberries." • 

Jaramillo, who accompanied Coronado to Quivira, speaking of this 
region, says : " This country (Quivira) has a superb apjtearance, aod 
snch tbat I have not seen better in all of Spain, neither in Italy nor 
France, nor in any other conntrj' where I have been in the service of 
your Majesty. It is not a country of mountains ; there are only some 
hills, some plains, and some streams of very fine water, (des mis-aeaus 
defort belle can.) It satisfied me completely. I presume that itis very 
fertile and favorable for the cultivation of all kinds of fruits.''t 

In another portion of his Helations he mentions having croaeed a 
large river, to which they gave the name of " Saint Peter and Saint 
Paul," which very probably was the Arkansas, and after traveling sev- 
erafdajs farther north, they came to tbe province of Quivira, where 
they learned that there was a still larger river farther on, to which they 
gave the name of "Teucarea," and which I believe to have been the 
M!s8onri.| 

Again, CastaS.eda says : " It is in thfs country (tbat of Quivira) that 
the Espiritu Sancto, (Mississippi,) which Don Feruando de Soto discov- 
ered in Florida, takes its source. • • • • The course of this river 
is so long, and it receivea so many affluents, tbat it is of prodigious 
length to where it debouches into tbe sea, and its fresh waters extend 
far out after yon have lost sight of tbe land."§ 

All the authors who have written on this subject seem to have 
discredited Coronado's report that be explored northwardly as far as 
tbe 40° of north latitude ; but not only do the reports of Castaiieda and 
Jaramillo bear him out in his statement, but the peculiar description of 
the country as given by them all — namely, that it was exceedingly rick ; 
its soil black; that it bore, spontaneously, grapes and prunes, (wild 
plams;) was watered by many streams of pure water, &c.; and tbe cir- 
cumstance of this kind of country not being found anywhere in the 
probable direction of Coronado's route, except across the Arkans;a8 
and on the headwaters of tbe Arkansas River; all this, together with 
the allusion to a large river, the " Saiut Peter and Saint Paul," (proba- 
bly the Arkansas,) which they crossed before reacbiug Quivira, in lati- 

* Following tbe orrters of yonrMajeaf y (Don Antonio de Menilof n,) I have observed tlie 
beat poasiblu treatment towanl tbe nutiveB of this province, and of nil otheta that I 
liavo travoraed. Tboy have notbiug to complain of nie or my people. I sojoumed 
tnentj-^vn daya in tbe province of Quivira, as mucb totboronghly uxploTe tbo couutT? 
as to e«o if I conlil not find eome further occasion to servo j'our Mi^onty, for the guiilcs 
nhom J brought with me have spoken of provinces situated stili farlhi-r on. That 
which I have been able to luam ia, tbat in all this country one can find nultb«r gold 
nor any other metal. Tbey spoke to mo of small villagM, whose iohubitaut* for tba 
most part do not cultivate the soil. Thr^y have liuts of hides and of willows, and 
change their places of abode with the iMchei (bitlfnloes.1 Tbo tnle tbey told me then 
(that Quivira was a oity of extroorditiary bnildiugt Mid flill of gold) was falao. In 
inducing me to part with all my army to came to thia country, tliu Indians (.bonftht 
that tbc! cniiotry being deacrt and without water, they would conduct us into pl«c«a 
wbere oni bontes and ourselves would ilieof hunger; tbat is what the guiilea bitTS 
ooDfeoseil- They told that tbey hiul acted by tbe advice of the natives of these cood- 
tnet. (Coronatlo's BolationB, Tornnnx Compans, pp. 360, 361.) 

t Joramillo's Kclations, Tamanx Compans, p. 37U. 

t Jaromillo's iielatious, Teruuux Compans, pp. 375, 377. 

% CM^oBeda's Belationa, Tornoux Compans, p. 195. C 'oooic 
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tade 40^ nortiij a&d to a still larger river fnrthcr ou (probably the His- 
aouri) — makes it exc«fl<lint;ly probable tliat be reached the fortieth degree 
of latitude, or what ia now the boundary betweeo the States of Kansas 
and Kebraslka, well on towards the Missouri River; and in this region I 
bave termioated his explorations north on the accompanying niai>.* 

In regard to the retam route of the army of Coronado, which he 
dispatched ti> Tignex before he reached Quivira, it is expressly' men- 
tioned that tbey passed by some salt ponds, and, as I believe tliey nro 
only to be foand in that region of couuti;y between the Canadian and 
Arkansas Rivers, on tbe Little Arkan^ River, a tributary of the latter, 
iD about latitude 37°, and longitude 99°, I have located this route as 
passing by these ponds, with some probability of its being correct.! 

Another point of the return route of the army was where it struck 
tbe Rio Cicuy^, about thirty leagues below tbe bridge, where it had 
crossed it on their outward march.! 

Besides the provinces I have endeavored to locate there were a num- 
ber, as I have already stated, visited by Coronado, or bis oflScers, which 
were situated on the Rio Tignex, (Rio Grande,) or some of its tribu- 
taries, as follows : Quirix, containing seven villages ; in tbe Snpw Mount- 
ains, seven ; Ximena, three ; Chea, one ; IlemeB, seven ; Aguas Calicn- 
t«s, three; Yuque-yunqae of the mountain, six; Valladolid or Braba, 
one; Tutahace, eight. 

Quirix was unquestionably San Phelipe de Qutrea of the present day ; 
• Gbea, SUla; Keraes, ffemez ; Aguas Calientes, the ruins which I have 
Mem at (^os Caliattes, twelve miles above Hemez, on the Rio <Ie Hemez: 
and liraua, Taos. The situation of all the places nametl accord so well 
with that given by Castaueda as to leave but little doubt that they are 
identical. 

In addition, in relation to Braba, Castaueda states that it was the Inst 
town on the Rio Tlguex, north, and was " built on the two banks of a 
Btroam which was crossed by bridges built of nicely-squared pine tim- 
ber.'' Gregg, speaking of Taos, which is tbe last pueblo ou the Bio 
Grande nortn of Santa F^, says : " There still exists a pueblo of Taos, 
composed for the most part ot but two edifices of very singular con- 
struction, on each side of a creek, and formerly communicating by a 
Inidge. The baso story, near 400 feet long and 150 wide, is divided into 
numerous apartments, upon which other tiers of rooms are built, ono 
above another, forming a pyramidal pile of fifty or sixty feet high, and 
comprising some six or eight stories."! Tbe identity, therefore, of the 
two places I think certain. 

All the vilages along the Bio de Tignex, (Rio Grande,) explored b; 
Ca»taiieda, were included in a district thirty leagues (102 miles) broad 
and one hundred and thirty (442 mites) long. 

Cnstafieda, speaking of the origin of the people who inhabited these 
rcgious,Hays: "This circumstance, the customs and form of government 

' Tbi» hypotboais is also strengthennl by the fuot that the Turk who Raided Coro- 
nado Htutud that be was " a native of the coautry on the sicle ol' Florida," tbat is, 
toward the east fnim the Rio Tignex, (Rio Grande,) in the valley of which he was at 
thnt time' that in his conntry vra« "a river two leugiiee broul," &c.; aod that when 
lie readied (Quivira he told the SpaniaTds " that his coantry was still beyond that:" 
(See Cantafieda's itulatioDS, Ternaoi Compaus, pp. 72, 77, 131.) 

* S«! aote, p. 40. 

I Jletweeo the ontward and Tetam route the Canadian River ie deeply CBDoned for 
flftv luiles, which donbtlesB necesBitated the army on its return either to cross it vbera 
it tlifl when goine to Qnivira, or at least fifty miles holow that point j and doing tha 
lattor, it naturally stmck the Pecos proportionally lower down from the bridge. 

$ Gregg's Comuurce of tha Prairies, Ud ed., volii ii, p. S77. , -. , 
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of these nations, wbicb are so eotirely different from those of all the 
other nations we have found up to tbe present time, prove that they 
came from the region of the Qreat India, whose coasts touch those of 
this country on the west. They may have approached by following the 
course of the river after crossing the mountains, and may have there 
fixed themselves in the locations that seemed most advantageous to 
them. As they multiplied they built other villages along the banks, 
until the stream failed them by plunging into the earth. Whea it 
reappears it flows toward Florida. It is said that there are other villages 
OH the banks of this river, bat we did not visit them, preferring, accord- 
ing to tbe Turk's advice, to cross tbe mountains to its source. I believe 
that great riches would be found in the country whence these Indians 
came. .According to the route they followed they must have come from 
the extremity of the Eastern India, and from a very unknown regian, 
which, according to the conformation of the coast, would t>e situated far 
in the interior of the land betwixt China and Norway. There mast, in 
fact, be an immense distance from one sea to the other^ according to the 
form of the coast as it has been discovered by Captain Villaloboa, who 
took that direction in seeking for China. The same occurs when we 
follow the coast of Florida ; it always approaches Norway up to the 
point where the country ' des baccalaos,' or codfish, is obtained."* 

The foregoing refiecttons seem crude to us who are better informed 
with regard to the geography of the earth's surface ; but when we con- 
sider that in the days of Castaileda the whole of that portion of the • 
continent lying east of the £io Grande was called Florida, and but lit- 
tle, if anything, was known of tbe exact relations of tbe northern part 
of our contineutwitb the other portions of tbe world, they do not appear 
irrelevant. 

In conclosiou, I think it proper to observe that the " Itelations'* of 
Ooronado, CastaOeda, Jaramillo, and Alarcon, though somewhat vague in 
style, and therefore requiring a great deal of study to comprehend their 
meaning with certainty, are nevertheless written in a straight-forward, 
natural manner, and are manifestly entitled to credence whenever they 
describe what came under their observation. When, however, they 
describe the tales of others their narratives partake the cbaraoterof 
the marvelous; but, even then, if we carry alongwith us the idea that 
they do not mean to deceive, but only to give expression to what might 
possibly be true — but which they do not assert to be so — their narratives 
must be regarded not only as truthful, but as meritorious, and emi- 
nently deserving of careful study and reflection. 

* Caotalteda's BeUtiona, Teroanx Compano, pp. 183, 181. 
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Gentlemen : The subject on which I have been requested to address 
yon thia evening is one of much interest, but also of such vast extent, 
that I shall make no apology for entering at once npon it, T^ithnut any 
introdnctory remarks. I will only observe that I do not propose to de- 
scribe the arms or implements, bouses or boats, food or dress of savages, 
all no doabt very interesting, but which time will not permit me to dis- 
cuss ; my object will rather be, if possible, to illustrate the mental con- 
edition and ideas of the lower races of men, a subject necessarily of great 
interest to the philosopher, but also of immense practical importtnce to 
an empire like ours, which extends to every quarter of the ^obe, and 
contains races of men in every stage of civilization. 

Bven those who consider that man was civilized from the beginning, 
and look upon savages as the degenerate descendants of much superior 
parents, mnst still admit that our ancestors were ouce mere savages, 
and may find therefore much interest in this study : but it no doubt ap- 
pears far more important to tbose who think, as I do^ that the primitive 
condition of man wasone of barbarism, aud that the history of the human 
race has, on the whole, beeu one of progress. 

I do not of course suppose that every people must necessarily advance; 
bot those who do not, will assuredly be replaced, sooner or later, by 
in<n« worthy races. Nor does progress take place alike, or pari passu, 
in all nations. The Greeks, though very advanced in arts, were extremely 
backward in other respects. Even the most ci^-ilized races show traces, 
and often more thau traces, of their fonner barbarism. 

Nor do I mean that our modern savages in all respects reproduce the 
condition of our ancestors in early times; on the contrary, even the 
Australians have now codes of laws and rules which have grown up 
jfradually, and cannot have existed originally. I feel satisfied, however, 
that from the study of modem savages we can gain a correct idea of 
man as he existed in ancient times, and of the stages through which our 
civilization bos been evolved. 

As regards their habits indeed, and the material conditions of life, 
savages differ greatly. The Esquimaux, m the land of ice and seals, 
the hunters of the American forests and prairies, the beautiful island- 
ers of the still more beautiful islands in the Pacific, the Tartars of the 
Siberian steppes, the Negroes of tropical Africa, necessarily differ 
greatly in their diet, their clothes, their bouses, &c j but, on the other 
band, as regards ideas and customs, the case is different, and we find 



vGooj^lc 



342 BOCIAL ASD BELIOIOnS COKDITIOK OF 

very remarkable similarities even in fte most distinct races and the 
most distant regions of the globe. 

I propose, therefore, on the present occasion, more especially to call 
your attention to the social or family relations, and the religions ideas 
■ of the lower races. 

Our ideas of relationship, founded as they are on marriage, seem so 
natural and obvious, that we are at first inclined to regard them as 
having been original and common to them ; this, however, as I shall 
attempt to show you, would bo a mistake. Indeed, the position of 
woman is, among the lower savages, melancholy in the extreme, and 
precludes all those tender and sacred feelings to which so much of onr 
best and purest happiness is due. 

Again, the religion (if so it can be called) of savages differs greatly ; 
nay. in some respects, is the very opposite of ours. 

Tne whole mental condition of the savage, indeed, is so dissimilar 
fh)m ours that it is often very difficult for us to follow what is pa^ag 
in his mind, or to understand the motives by which he is actuated. 
Many things appear natural, and almost self-evident to him, which pro- 
duce a very different effect upon us. " What,"* said a Negro once to Bur- 
ton, " am I to 8tar\'e while my sister has children whom she can sellt" 
Thus, though savages always have a reason, such as it is, for what they 
do and what they think, these reasons often seem to ua irrelevant or 
absurd. Moreover, the difficulty of understanding what is paasiug in 
their minds is, of course, much enhanced by the differences of language. 

These have produced many laughable mistakes. Tbus, when Labil- 
lardiJire inquired of the Friendly Islanders (whoso language we now 
perfectly understand) what was their \f^rd for 1,000,000, they seem to 
have thought the question absurd, and gave him a word which has no 
meaningj wbeu ho asked for 10,000,000, they said "(ooofe," which I will 
leave unexplained; for 100,000,000, " iaoaMoun," which means *'non- 
sense;" while, for still higher numbers, they gave him, in joke, certain 
coarse expressions, which he has gravely recorded in his table of nn- 
merals. 

A mistake made by Dampier led to more serious results. He had 
met some Australians, and apprehending an attack, he says, "I dis- 
charged my gun to save tbem, but avoided shooting any of them, till, 
finding that we were in great danger from them, and that though the 
gun a little iVightencd them at first, yet they had soon learned to despise 
it, tossing up their hands, and crying pooh, pooh, pooh; and coming ou 
afresh with a great noise, I thought it high time to charge again and 
shoot one of them, which I did." 

Thus, this wretched savage lost bis life because Dampier did not 
remember tbat pooh, pooh, or puff, puff, is the name which savages, like 
children, apply to guus. 

Again, the modes of salutation among savages are sometimes very 
curious, and their modes of showing their feelings quite unlike ours. 

Kissing seems to us so natural an expression of affection, tliat we 
should expect to find it all over the world. Yet it was unknown to the 
Australiaus, the New Zealanders, the Paponans, the West African 
Negroes, and the Esquimaux. 

The Polynesians and the Malays always sit doirm when ^aJdng to a 
avpcrioT. In some parts of Central Africa it is considered respectfiil to 
turn the back to a superior. 

Captain Cook asserts that the inhabitants of Dlallicolo, an island in 
the Pacific Ocean, show their admiration by hissing ; the Todas of tJie 
Neilgherry Hills, in India, are said to show respect by raising the open 
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right haad to tbe brow, resting the thumb on the nose ; it is asserted 
tJuit among the Esquimaox it is cnstomory to pull a person's uose as a 
compliment ; a Chinaman puts on his hat where he should take it off, 
and among the same curious people a cofflu is regarded as a neat and 
appropriate present for an aged person, especially if in bad health. 

Under these circumstances we cannot wonder that we have very con- 
tradictory aecouuts of the character and mental condition of savages. 
Nevertheless, by comparing together the accounts of different travelers, 
we can, to a great extent, eliminate these sources of error, and we are 
Dtach aided in this by the remarkable similarity between very different 
races. So striking, indeed, is this likeness, that different races, in sim- 
ilar stages of development, often present more features of I'esemblaitce 
to one another than tbe some race does to itself in different stages of its 
history. 

Some ideas, indeed, which seem to us at first inexplicable and fantas- 
tic, are yet very widely distributed. I will only allude to two. 

Probably every Englishman who had not studied other races, would 
' be astonished to meet with a nation in which, on the birth of a baby, 
the father and not the mother was put to bed and nursed. 

Yet, thoagli thia costom seems so ludicrous to use, it prevails very 
widely. 

Father Dobritzhoffer tells us that among the Abigrones of South 
America, " no sooner do you hear that a womau has borne a child, than 
yoa see the husband tying in bed, huddled up with mats and skuis, lest 
some ruder breath of air should touch him, and for a number <ri' days 
abstaining religiously from certain viands; yoa would swear it was he 
-who had bad thediild. * * * I hand read about this in old times, 
and laughed at it, never thinking I could believe such madness: and I 
lued to suspect that this barbarous custom was related more in juke than 
in earnest, but at last I saw it with my own eyes among the Abigrones." 

Other travelers mention the existence of a similar custom in Green- 
land, in Kamtchatka, in parts of China, iu Borneo, in tbe north of Spain, 
in Corsica, and in the sooth of France, where it was called "/aire la 
eanvade." 

It is of course evident that a custom so ancient and so widely distri- 
buted roust have its origin in some idea which satisfies the savage 
mind. 

Several explanations have been suggested. Professor Max Miiller 
says, "It is clear that the poor husband was at fli-st tynvnuized over by 
his female relations, and afterward frightened into superstition. He 
then began to make a martyr of himself, till he made himself really ill, 
or took to his bed in self-defense." 

Lafitau, to whom we are indebted for an excellent work on the manners 
of tbe American Indians, regards it as arising from a dim recolWtion of 
original sin, rejecting the explanation given by some of thu savages 
themselves, and which I have little doubt is the correct one, that they 
do it because they believe that if the father is engaged iu any rough 
work, or was careless in his diet, ihe infant would suffer. 

This idea, namely, that a person imbibes the characteristics of an ani- 
mal which be eJits, is very widely distributed. The Malays at Singapore 
lised to give a large price for the fiesb of the tiger, not because they 
liketl it, but because they believed that the man who eats tiger will be- 
come as wise and powerful as that animal. The Dyaks of Borneo havo 
u prejudice against the tlesh of the deer, which the men may not eat, 
though it is allowed to the women and children. The reason given is that 
if the men were to eat venison, they would beoome as timid as deer. 
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The Caribs will not eat the flesb of pigs or of tortoises lest Uwy shoald 
get Btuall eyes. Tbo Dacotalia of North America eat the liver of the dog, 
that they may become as wise aud brave as that animaL 

The New Zcalanders, after baptiziug an infaut, used to make it swal- 
low pebbles, eo that it« heart might Iw hard and incapable of pitff. So 
also after a battle, they Qsed to cook and eat the bravest aud wisest at 
their fallen enemies, expecting thus to secure a share of their wisdom 
and courage. 

Another cnrions idea very prevalent among savages is their dread oi 
having their portraits taken. The better the likeness the woraa theg 
think for the sitter: so mnch life could not be put into the copy exc^t 
at the expense of the original. 

Once, when a good deal annoyed by some fTorth American Indians, 
Kane got rid of them instantly by threatening to draw them if thejr 
remained. 

Cntliu tolls an amusing but melancholy anecdote in illnstration of this 
feeling among the same people. On one occasion he was making a like- 
ness of a chief named Mahtocbeega, in profile. This, when observed, 
excited much commotion among the Indians. "Why was half his face 
left outr they asked, " MuUtoclieega was never dfraid to look a white 
man in the fatfe." Mahtocbeega himself does not seem to have taken 
a^ offense, but Shonka, a hostile chief, took occasion to taunt hinu 
"The Englishman," he said, "knows that you are but half a manj he 
has painted but one-half of yoiu- face, and knows that the rest is good 
for nothing." This taunt led to a fight, in which poor Mahtocbeega was 
kilted, and the whole affair was very unfortunate for Mr. Gatlin, who 
had mnch difiicnlty in making his escape, oncl lived some time in fear of 
his life. 

Wo cannot wonder that writing should appear to the savage ev«n 
more mysterious and uncanny than drawing. 

Oar\'cr allowed the Canadian Indians to open a book wherever they 
pleased, and then told them the number of leaves on each side. The 
oaly way they could accouut for this, ho says, " was by cooclndiug that 
the book was a spirit aud told me whatever I asked." 

Further south the Minnatarrecs, seeing Catliu iutent over a copy of 
the ^eio York Commercial Adoertiacr, were much puzzled, but at length 
concluded that it was a cloth for sore eyes. Ono of them eventually 
bought it at a high price. 

This belief in the mysterious character of writing has led to its being 
nsed in many parts of the world as a medicine. 

The Central Africans are a religious ]>eople according to their lights, 
and have great faith in the cfQeacy of prayers. When any ono is ill, 
they write a test out of the Koran on a board, wash it off, and make 
the patient drink it. The French traveller, Cailli^, met with a man 
who had a great reputation for sanctity, aud who made his living by 
writing prayers on a Itoard, washing them off, and then seeing tibe 
water, which was sprinkled over various objects, and supposed to 
improve and protect ihem. It was soon observed that the charms were 
no protection A-om fire-arms; but that did not the least weaken the faith 
in them, because they said, as guns were not invented in Mohammed's 
time, he naturally provided no specific against them. 

OBNAMBNTS. 

Savages are passionately fond of ornaments. If in the very low races 
the women are often wholly undecorated, this is only becMise the mea 
keep all the ornaments to themselves. ( 'oi-ioic 
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Ab a geoeral rale, we may say tiiat races inhabiting hot climates 
ornament themselTes; those of colder countries, their clothea lu £act, 
all Bavage races who have much of their skin nncoveied, delight in 
painting themselveB in the most brilliant colors. 

Altboagh x>erfBCtIy naked, the Australians of Botany Bay were, as 
Captain Cook gnatntiy puts it, " very ambitions to be fine." Through 
the nose they wore a bone, as thick as a man's finger, and five «r six 
inches long. This was of course very awkward, as it prevented them 
from breathing through the nose ; but they submitted cheerfully to the 
inoonvenience for the sake of the appearance. 

They tiad alBo necklaces made of shells neatly cut and strung together, 
earrings, bracelets of small cord, and strings of plaited human hair, 
which they wound round their waists. Some also bad gorgets of large 
abells hung round their neck; and on all these ornaments they placed 
a high vnlne. 

They also painted themselves, red and white being the principal colors. 
Tbe red was laid on in broad patches ; the white generally in stripes, 
or OD the face in spots, often with a circle round eacn eye. 

Bpix and Martins thus describe the ornaments of a Coroado woman, 
whom they saw in Brazil : " On the cheek she had a circle, and over 
that two strokes ; under the nose several marks resembling an m ; from 
tbe comers of the mouth to the middle of the cheek were two parallel 
Imes, and below them on both sides many straight stripes ; below and 
between her breasts there were some segments of circles, and down her 
arms the fignre of a snake was depicted." She also wore a necklace of 
monkey's teeth. 

Indeed, savages wear necklaces and rings, bracelets, and anklets, 
annlets and leglets; even, if I may Say bo, bodylets. Bonnd their 
bodies, round their necks, round their arms and legs, their fingers, and 
even their toes, they wear ornaments of all kinds. Licbtensteiu saw 
the wife of a Beetiian chief, in Soath Africa, wearing uo less than 
seventy-two brass rings. 

Nor are they particular as to the material^^wpper, brass or iron, 
leather or ivory, stones, shells, glass, bits of wood, seeds or teeth — 
nothing comes amiss. In the Lonisiade Archipelago, McQillivray saw 
several bracelets made, each of -a bnman lower jaw, crossed by a collar 
bone; and other travelers have seen brass curtain rings, brass keyhole 
plates, lids of sardine cases, and other such incongruous objects, worn 
with mnch gravity and pride. 

Many races are very carefol about their hair. The Feejee Islanders 
train it into elaborate wigs, which take some years to arrive at perfec- 
tion, BO that they cannot sleep as we do^ bat are compiled to use neck- 
rests. The islanders north of Australia, though among the lowest of 
savages, are in the habit of dyeing their hair rod. 

Not content with hanging things on thoir bodies wherever nature has 
enabled them to do so, savages often cut holes in themselves for tbe 
pQTpose. 

Tbe £<eqnimanx, from Mackenzie Biver westward, make two openings 
in their cheeks, one on each side, in which they wear stone ornaments 
shaped lilte a large shirtstnd, and which may be called cheek-studs. 

l^ronghout a great portion of Western Amerit^, and in parts <tf 
Africa, it is the custom to wear a large piece of wood in the lower 
lip. A Binidl hole is made in the lip during infancy, and it is then 
enlarged by degrees, the size of the lower lip being the principal criterion 
of beauty. 
Other races, in the same manner, enlarge the lobe of the ear, until it 
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Bometimes reaches tbe shonlder. Others file the teet^ in varioae mac- 
ners. Dr. Barnard Daris has a Dyack eVnll fh^m Bonteo, jh irfalch the 
six front teeth are each oroainent^Ml by having a smfdl brass pio driven 
into them. 

OTDamentatioB of tlie skin, again, is almost vniversal among the 
lover races of meo. In some cases every individual foUovs his own 
fancy; in others, each class has its own pattern. 

Thus, the Bomiouese of Central AtHca have twenty cuts or lines on t 
each Bide of the fa«e, one in tbe center of the forehead, six on each 
arm, six on eucb leg, four on each side of tbe chest, and nine on each 
side just above the hips. This makes ninety-one lu-ge outa^andthe 
process is said to be extremely paiufiil, especially on aoooantof the heat 
and flies. 

The most familiar example, however, of this mode of omajamtatkni 
is tbe tattooing of the Hew Zealauders, which also causes much inflam- 
mation of tbe skiu and great snffering. 

Many other cases might be given in which savages omunent them- 
selves, as they suppose, in a manner which mnst be very painfa). 

Even the shape is forcibly altered by some races of men. Thus the 
Ohinese cripple their ladies by jireventing the growth of the feet: and 
some of tbe American races even entirely alter the shape of the head, 
by tight bandages applied to the newly-born infaut, a process which one 
wonld have expected to ^ect the intellect, though, as far as the existing 
evidence goes, it does not api>ear to do so. 



Those who have not devoted much attention to the subject have 
gen^^lty regarded the savage as having, at least, one advantage 
over civilized man, that, namely, of enjoying an amount of personal 
freedom greater than that of individuals belonging to more civilised 
communities. 

There cannot be a greater mistake. The savage is nowhere free. All 
over the world his life is regulated by a complicated set of rules and 
customs as forcible a8.1aw8, of quaint prohibitions, and unjust privileges — 
the prohibitions geuerally applying to the women, and tbe privileges to 
the men. 

The Anstralians, says Mr. Laing, « instead of enjoying ]>erfeot per- 
sonal freedom, as it would at first appear, are governed by a code 
of rules and a set of customs whicli form one of the most cruel tyrannies 
that has ever perhaps existed on the face of the earth, subjecting not 
only the will, \Mt the property aud life of the weak to the dominion 
of the strong. The whole tendency of the system is to give everything 
to the strong and old, to the prejudice of the w^ik and young, and more 
pM-ticularty to the detriment of the women. They have rules by which 
tbe be«t food, the best pieces, the best animals, &c., are prohibited to 
tbe women and young men, aud reserved for the old. The women are 
generally appropritited to the ohl aud powerful, some of whom possess 
from four to six wives ; while wives are altogether denied to young men, 
unless they have sisters to give in exchange, and are strong and 
courageous enough to prevent their sisters from being taken without 
exchange." 

In Tahiti "the men were allowed to eat the flesh of the pig and of 
fowls, and a variety of fish, cocoa-nuts, ond plantainsy and whatever was 
presented as an ofi'cring to the gods, which the females on pain of deatli 
were forbidden to touch, as it was supposed they would pollute them. 
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The Sre od whicb the men's focMl waa cooked was also aacred, and was 
forbidden to be used by tbo females. The baskets in which theur pn>- 
Tision was kept, and the boose in which the men ate, were also samd, 
aod prohibited to the females tinder the same cruel penalty." 

" To believe," says Sir George Grey, *that man in a aavage state ia 
endowed with freedom, either of thought or action, is in the highest 
def^%o erroneooa" 

Moreover, if savages pass oanoticed many actions which we deem 
highly criminal, on the otiier hand they strictly forbid others wliich we 
regard as altogether immaterial Thus the Mongols of Siberia think it 
wrong to touch tire with a knife, to use one for taking meat oat of a 
pot, to cut up wood near a hearth, to leao on a whip, to pour liquor on 
the ground, to strike a horse with the bridle, or break one bone against 
SDotber. 

Even in the choice of their wives, savages in many cases have rales 
which greatly restrict their power of selection. 

In Australia (where, by the way, the siuue family names are common 
over almost the whole continent) no man may marry a woman of the 
same name as bis own, even thoagh she may be no relation whatever. 

la. Kastem Africa, Burton says that "some clans of Somal Arabs will 
not marry one of the same family.* 

Tliroaghoat India we find that the bill tribes are divided into septs 
or clans, and that a man may not many a woman belonging to bis own 
clan. 

The Kalmucks of Tartary are divided into hordes, and a man may not 
marry a glri of hia own horde, " The brido,''BayH Bergman, "is always 
chosen from another stock; among tbe Derbets, for instance, from the 
Torgot stock, and among the Torgots ih>m the Derbet stock." 

The same caatom prevails among tbe Circassians and the Samoyeds 
of Biberia. The Ostyaks and Yakuts also regard it as a crime to marry 
a woman of tbe same family, or even of the same name. 

Among the North American Indians every tribe is divided into clans, 
generally from three to eight clans in each tribe, and no man is allowed 
to marry a woman of his own clan. 

Again, far from being informal or extemporary, the salutations, cere- 
monies, treaties, and contracts of savages are characterized by the very 
opposite qualities. 

£yre mentions that, in their intercourse with one another, natives 
of different Australian tribes are exceedingly punctilious. Mariner 
gives a long account of the elaborate ceremonies practiced by the Ton- 
gans, and of their almost superstitions regard for rank. Thus, the king 
was by no means the man of highest rank. The Tooi tonga, Yeachi, and 
several others preceded him. Indeed tbe name Tooitonga means liter* 
ally *' Sovereign of TongB;" theofllce, however, waswholly of areligious 
character, the Tooitonga being regarded as descended from the gods, 
if not as a deity himself. 

The Egbas, a Negro raoe of West Africa, are described by Burton as 
extremely ceremonious, and have a gi-eat variety of salntations, appli- 
cable to every possible occasion. If an inferior meets a superior, there 
are several modes of showing respect. Captiiin Burton calculates that 
every one spendu at least one hour a day in these troublesome ceremonies. 
IiT the religious ceremonies of Tahiti, Williams meutions that " how- 
ever large or costly the sacrifice that had been offered, and however 
near its dose the most protracted ceremony might be, if ths priest omitted 
or misplaced any word in the prayers with which it was accompanied, 
or it' bis attention was diverted by any means, so that the prayer waa 
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ship bad, originally, no snefa sigDiflcstioa: tka word dtuigbter, for in- 
stance, meaaiog literall; ** milkmatd,'* and thus dating back to a time 
when ODT ancestors did not recognize the "family" as it now exists 
among as. Mr. Morgan has pointed ont a very interesting illustration 
of the same fact in tlie language of the Sandwich Islands. The word 
'^tcaheena" stands equally for wife, wife's sister, brother's wife, and 
wife's brother's wile. So again, " kaikee," child, also signifies brother's 
wife's child and wife's brother's wife's child. The same ideas of relatJon- 
ship are indicated by the application of the word " tcarM,'" i. e. hosband. 

That this does not arise from mere poverty of language is evident, 
because the same system discriminateB between other relationships we 
do not distinguish from one another. 

Perhaps the contrast is most dearly ahown in the words for brother- 
in-law and sister in-law. Thus, if a woman is speaking, the word for 
sister-ln-law=husband's brothers wife, ispiMuiJua, and for 8ister-in-Iaw= 
husband's sister, IcaikoaTea; bat brother-in-law, Tvhetlier sister's liiuiband 
or husband's brother, is ^na=busband. ' On the contrary-, when a man 
is speaking, the word for si ster-in -laws* wife's sister or brother's wife, is 
w(iAeena= wife ; but brother-in-law= wife's brother, is kaikoahi, and for 
wife's sister's husband, punaUia. Thus, a woman has husbands and 
sisters-in-law, but no brothers-in-law, while a man has wives and brothers- 
iB-law, but DO sisters-in-law. The same idea runs through all other 
relationship, cousins being regarded as brotlwrs and sisters. So again, 
while the Jiomans distinguished between father's brother =patma», ana 
mother's brother e= avvmeulu^; and again, father's sister =amifa, and 
mother's sisterssniafertera; the two first in Hawaian are makua bana, 

Tbns, the idea of marriage does not in fact exist in the Sandwich 
Island system of relationship. Uncleships, auntships, couunships, are 
ignored, and we have only grandparouts, parents, brothers and sixers, 
cbildreuj and grandchildren. 

Here it is clear that the child is related to the group. It is not 
specially related either to its father or its mother, who stand in the same 
relation as mere uncles and aunts, so that every child has several fotheis 
and several mothers. 

To our English ideas, the question of the origin of marriage seems 
devoid of difficulty, nay, even of significance. The married state is one 
with which wo are so familiar, it is so interwoven with all our fatally lifp^ 
all onr sense of social duty, that we aro apt to regard it as universal and 
aborigiuaL This, however, is not the case. Facts like those just refer- 
red to — and, if time permitted, many others might be given — show that 
the comlition of the lowest race^ of men is that not of individual murii^e 
as it exists among us, but of communal marriage, if I may call it so. 
Even, however, under the system of oommimal marriage, a man who bad 
captured a beautiful girl in some marauding expedition would wish to 
keep her to himself. She did not belong to the tribe j they had do right 
to Iter ; he might have killed her if he had chosen ; and if he preferred 
to keep her alive, it was no affair of theirs; she was as much his mdi- 
vidnal property as his spear or bis bow. Hence a form of individual 
marriage would rise up by the side of the communal marriage. This 
theory explains the extraordinary subjection of the woman in marriage; 
it explains the very widely distributed custom of "exogamy," or t£at 
custom which forUds taarriage within the tribe; the necessity of expia- 
tion for marriage, as an infi^gemeot of tribal rights, since, according 
to old ideas, a man had no right to appropriate to himself that which 
belonged to the whole tribe; and, lastly, the remaikablo prevaleacaof 
the form of c^tore in marriage. ( ~ oi -io i<' 
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Among the rodest taoea c^tore is &t mote tban a form, and it is 
cnetomar; for men to steal women by force fr<Hn other tribes. 

Heante, who kuew the Korth American Indians thoroughly well, and 
whose statements have been confirmed b; subsequent travelers, as for 
instance by Franklin and Biehardson, fwsares us that antong the North- 
ern tribc-s, it has ever been the custom for the men to wrestle for any 
' woman to whom they are attachexl; »ih1 of course the strongest always 
carries off the prize. "A weak man," he adds, "is seldom permitted to 
keep a wifi>, that a stronger man thinks wortli his notice," which, he says, 
"keeps up a great spirit of emulation among the youug men." It must 
be observed that this is not regarded as any arbitcar}' exercise of power, 
bat it is a recognized right tliat a strong man miiy carry off the wife of 
a weaker one if he can ; and it would appear that even the women acqai- 
eace in this cnstom without a murmur.. 

I will now give a few instauoes, in order to show how widely this 
custom of marriage by capture prevails among the lower races of men, 
and that traces of it linger even among those higher in the scale of civ- 
ilization. 

In Australia, the ardent lover steals on the dark object of his affections, 
knocks her down with his club, and drags her off in triumph. This 
violent affection is not resented by the re^tiops of the woman, if tt%y 
are not able to rescue her at the mmnent On the coutrary, she is recog- 
nized as the legal wife of her captor. 

Id Bali, one of the islands between Java and New Guinea, it is stated 
to be the practice that girls are stolen away by their lovers, who carry 
them off by force to the woods ; when brought back from thence the 
poor female becomes the slave of her rottgh lover, by a certain compeu- 
satioit being paid to her relatives. 

Speaking of the Kliouds, a tribe iu India, Major General Campbell 
mentions that, on one occasion, hearing loud cries, he went to see what 
was the matter, and found a man carrying off a girt, while twenty or 
thirty friends protected him from the attacks of a number of women, who 
were attempting to re^ue the bride. The struggle continued until the 
bridegroom reached his own house, and General Campbell was assored 
tliat, among the KiLonds, marriages were always solemnized in this 
manner. 

Among the Kalmucks of Central Asia the marriage ceremony is even 
more romantle. The girl ia put on a horse and rides off at full speed. 
"When she has got enongfa start the lover starts in pursuit ; if bo catches 
lier, she becomes his wife ; but if he cannot overtake her, the match is 
broken off; and we are assured, which I can well believe, that no Eal- 
mnck girl was ever caught against her will. 

Again, among the Ahitaa of the Philippine Islands, when a man 
wishes to marry a. girl, her parents send her before sunrise into the 
wootls. She baa an hour's start, after which the lover goes to seek her. 
If he finds her and brings her back before sunset, the marriagp is ao- 
knowledged ; if not, he must abandon all claim to her. 

" The aborigines of the Amazon Valley," says Wallace, '*bavenopar- > 
ticular ceremony ait their .marriages, except that of always carrying 
away the girl by force, or making a ^ow of doing so, even when she 
and ber parents are quit« willing." 

M. Bardel mentions t^at among the Indians round Conception, in 
Gbili, on the otiier side of the Andes, after a man has agreed on the 
price of a girl with ber parents, the recoguise<l mode of proceeding is 
that he Buipriies ber, or is supposed to do so, and oarries her off to the 
woods for a few days, after which the h^;^ ooople return home. , 



352 BOCIAL ASD BHLIOIOtrS CONDITION OF 

As ref^ards Europe, we find jnst the same tbin^; tbe Bomans bad a 
similar custom, and traces of it occnr in Greek history. 

So deeply rooted is the feeling of a connection Dctireen foree and 
marriage, tliat we find the former used as a form long after all necessity 
for it as a reality had ceased to exist; and it is very intereating to trace, 
as Mr. McLennan has done, the gradual atagea throng which a stem 
reality softens down into a mere symbol. 

Por, as communities became Inrger and more civilized, the acttial mp- 
ture became inconvenient, and, indeed, impossible. Qradaalty, therefore, 
it sunk more and more into a mere form. 

In if^orth Friesland the bride makes a show of resistance, and is lifted 
by mock force into the wagon which is to take her home. 

Hence, no doubt, the custom of lifting the bride over the doorstop, 
which occurs or did occur among the Bomans, the redskins of Canada, 
the Chinese, and the natives of Abyssinia. Hence, also, perhaps our 
oostom of the honeymoon ; and ]ieiice, also, may be, as Mr. McLennan 
has suggested, the ^pper is thrown in mock anger after the departing 
bride aud bridegroom. The latter suggestion is indeed very doubtful ; 
still it is remarkable how persistent are all customs and ceremonies con- 
nected with marriage. Thus our "bridecake," which so invariably 
accompanies a wedding, and which must always be cut by the bride, 
may ttetracedback to theold Roman form of marriage by "coji/arrmh'o," 
or eating togetlier. So also among the Iroquois, the bride and bride- 
groom used to partake together of a cake of sagamite, which the brido 
always offered to her husband. Again, among several of the Indian Hill 
tribes, the bride prepares some drink, sits on her lover's knee, drinks 
half herself, and gives him the rest 

It requires strong evidence, which, however, exists in abnndance, to 
satisfy us that marriage was, in its origin, independent of ail sacred and 
social considerations; that it had nothing to do with mutual aSVwtion 
or consent; indeed, that all appearance of consent was forbidden; so 
that it was symbolised not by any demonstration of warm affection on 
the one side, and tender devotion on the other, but by brutal violence 
and nuwilling submission. 

Yet, as already mentioned, the evidence is overwhelming. Marriage 
by capture, either as a reality or as a form, has been shown to exist in 
Australia, and among the Malays, in Hindostan, Central Asia, Siberia, 
and Kamtchatka, among the Esquimaux, the northern redskins of 
America, the aborigines of the Amazon Valley, in Chili and in Tiem» 
del Fuego, in the Pacific Islands, in the Philippines } among the Arabs, 
Negroes, and Circassians ; and, until lateJy, in various parts of STorHiem 
Europe. 

I will now proceed to the consideration of the atatemeot that the 
second stage in the development of the idea of fomily conaiste in the 
recogoition of relationship to the mother, that to tlie fother being still 
ovn-looked. 

In almost all tropical conntriw polygamy is very ft>Bqo6ntj the cbieft 
especially take to themselves a large number of wives. In Western 
Africa, for instance, the king of Ashautee made it a point of honor to 
have always 3,333 wives. Among hnnting races, though polygamy Ib 
less prevalent, men who are powerful, either physically or socially, ft-e- 
qnently appropriate to themselves the wives of those who are weaker. 
Either of these conditions— either the mnltiplicity of wives, or f^«qaom 
changes, would weaken very much the tie between father and child. 
Boioe, probat>ly, the curious fact, that in many part« of tbe world a 
man's property does not desomd to his own ohildreo, bat to those of tkte 
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Bister; relBtioBship, and, consequently, ioberitaDce, being held to descend 
iu the female line, and not in the male, as among onrselves. 

This is the case among the S^egroeB of Gainea, among t je Berbers in 
Korth Africa, and the Aifibs in the East. It occars among several of 
the Hindoaban tribes, among tbe Battas of Sumatra, the red Indians of 
^orth America, the black islanders of the Pacific, and elsewhere. 

Obviously, however, as civilization progressed, and the moral feelings 
became stronger, a feeling of oppositiou to these arrangements womd 
arise. As family life became more developed, the affection betweea 
father and child would become stronger; and as property became more 
important, men would wish their goods to descend to their own children, 
"who would themselves obviously desire to inherit their father's property. 

And as man, like a pendulum, always passes from one extreme to 
another, so, having long considered that children were related to their 
mother, but not to their father, when they recognized the relation on 
the paternal side, they went into the other extreme, and neglected that 
to the mother. 

How completely the idea of relationship through the father, when 
once recognized, superseded that through the mother, we may see iu the 
very curious trial of Orestes — the son of Agamemnon and Clytem- 
uestra — as recorded by an ancient Creek, poet. 

Clytemnestra murdered Agamemnon, whose death was avenged by 
Orestes. For this act he was fabled to have been prosecuted before 
the Greek gods by the Furies, whose duty it was to punish tbpae, and 
those only, who had slain their relatives. 

In his defense Orestes asked them, why they did not punish his 
mother, Clytemnestra, for the murder of her husband, Agamemnon, 
and when they answer that nuuriage does not constitute blood-relation- 
Bhip, he pleads that, by the same rule, they cannot touch him, becanse, 
be says, a child is a relation to his father, but not to its mother. 

This view, which seems to us so unnatural, was nevertheless supported 
by Apollo and Minerva, and being adopted by a majority of the judges, 
Jed to the acquittal of Orestes. 

Hence we see that at first the feeling of clanship prevailed rather 
than that of family, and that children were regarded as related to tbe 
tribe rather than to their parents; that. secon<Sy, they were considered 
to be related to the mother, but not to the father; thirdly, to tbe father, 
bat not to the mother; lastly, and lastly only, as among ourselves, to 
both father and mother. 

We see, therefore, that the lowest savages are entirely deficient in the 
idea of marriage and of family^ and that the pcflition of women is 
metched in the extreme. The ideas of relationship, founded on mai^ 
Tiage, have only gradually been acquired, and thus civilization has 
raised the position of woman, and making her a helpmeet instead of a 
slave, has purified and softened all the conditions of social life. The 
higher position of woman is one of the points in which we see moBt 
clearly ^e enormoos advantage of civilization over barbarism. 



Tbe religions condition of the lower races of mankind is one of the 
most difficolt, aJtbough, at the same time, most interesting portions of 
my subject. 

It is most difficult, partly becanse it is far from easy to oommunicatB 
Trith men of a different race on such an abstruse anbjeot; partly because 
many are reluctant to disooes it; but mainly because, even among those 
uoDUDally professing the same religion, there are always in reality great 
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differenoes; individo^s — as I sfaall endeavor to abow y<Hi is also tfae 
case with natioDS — acquiring contluaally grander, and therefore more 
correct ideas, as they rise io the scale of civilization. 

Still, as new religious ideas arise, they do not destroy, but are only 
snperindaced upon the old ones ; thus the religion of the ancestors be- 
come the narsery tales of their descendants, and the old Teutonic daities 
of our forefathers are the giants and demous of our children. 

It has hitherto been usual to classify religions either according to 
the name of the founder or the objects worshipped. Tbas one division 
of the lower religions has been into Fetichism, defined as the worship of 
material substances; Sabseism, that of the heavetUy bodies, the snn, 
moon, and starsj and Heroism, or the deification of men after death. 
This mid other similar systems are simple, and have certainly some ait- 
vantages, especially as regards the lower races of men and the lowec 
forms of religion. They are not, however, really natural systems; there 
is no real difference between the worship of the sun and that of a rook 
or lake. No doubt to us the sun seems a grander deity, but of the main 
facts on which that opinion rests the savage is entirely ignoruit. 

Moreover, Heroism is found among races as low iv the sqale of civili- 
zation as eithrr Fetichism (in the above definition, which, however, I do 
not adopt! or SabEeism, and indeed the three forms of religion indicated 
above may coexist in one people, and even in the same individual The 
true classification of religions should, as it seems to me, rest, not on the 
mere object worshipped, bat on the nature and chfuucter ascribed to 
the deity. 

It is a much disputed qaestion, into which I will- not now enter, 
whether the lowest races have any religion or not. 

However this may be, it is at least clear that the reli^on of the lower 
savages is very unlike that of most advanced races. Indeed, iu many 
aspects it is the very opposite. Their deities are evil, not good; they 
nay be forced into compliance with the wishes of man ; they require 
bloody, and rejoice even in human, sacrifices; they are mortal, not im- 
mortal; part of nature, not the creators of the world; they are to b* 
approached by dances rather thui by prayers; and often approve of 
vice rather than of what we esteem as virtue. 

The ideas of religion among the lower races of man are intimately 
associated with, if indeed they have not originated from, the conditifHi 
(^ man during sleep, and especially from dreams. 

Sleep and death have always been regarded as nearly related to oii« 
another. Thus, in olassicat mythology, Somnus, the god of sleep, and 
Mors, the god of death, were both fabled to have been the children of 
Npx, the goddess of night. 

So, also, the savage would oatnrally look on death as a kind of sleep, 
and wonld expect and hope — hoping on even against hope — to see hu 
ftiend awake from tbe one as he bad often done from the ot^er. 

Hence, probably, one reason for the great importance ascribed to tiie 
treatment of the body after death. 

Bat what happens to the spirit during sleep t The body lies lifeless, 
and the B»vage not unnaturally concludes that the spirit has left it- In 
this he is confirmed by tlie phenomena of dreuns, which consequently 
to the savage have a reality and an importance which we can scaroeij 
appreciate. During sleep the spirit appears to desert the body, aotl, 
as in our dreams, we seem to visit other countries and distant regious, 
while the body remains as it were lilWess; the two phenomeoa were 
Datorally placed side by side, and regarded a8 the complemeuta one of 
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Hence, the aavage 'considers the events in hia dreams as real as those 
which happen when he is awake, anrl hence lie uatarally feels that he 
has a spirit which can quit the body — if not when it likes, at least under 
CMl:ain circumstAOces. 

Thns, Burton states, that, according to the Jorubans, a Western AM- 
can tribe, "dreams are not an irregular action and partial activity of 
the brain, but ro many revelations thjm the spirits of the departed." 

So strong, again, was the North American faith in dreams, that on 
one occasion, when an Indian had dreamed that be was taken captive 
and tortured, he induced his friends to make a mock attack npon him, 
and actually submitted to very considerable soffering, in the hope that 
he would thus falflU his dream. 

The Greenlanders also believe in the reality of dreams, and think that 
at night tlieir spirit actually goes bunting, viaitiog, courting, and so <m. 
It is of course obvious that the body takes no part in these nooturnal 
adventures, and hence it is natural to conclude that they have a ajMrit 
which can quit the body. 

Lastly, when they dream of their departed friends or relatives, savages 
firmly believe that they are visited by the spirits of the dead, and hence 
believe, not indeed in the immortality of the soul, but in the existence 
of a spirit which survives, or may survive, the body. 

Again, savages are seldom ill; their sufteriugs generally arise from 
wonnds; their deaths are generally violent. As an external injury 
received, say, in war, causes pain, so when they sufi'er internally, they 
attribute it to some enemy within them. Hence, when an Australian, 
perhaps after too heavy a meal, has his sinmbers disturbed, he is at no 
loss for an explanation, and supposes that be has berai attacked by some 
being whom his companions could not see. 

This iswell illustrated in the foHowing passage from Captain Wilkea^a 
voyage: "Sometimes," be says, "when the AustraJian is asleep, Koin, 
as they cail this spirit, seizes upon one of them and carries him off. 
The person seized endeavors in vain to cry out, being almost stranded. 
At daylight, however, Koin departs, and the man finds himself again 
safe by his own Breside." Here it is evident that Koin is a persooifica- . 
tion of the nightmare. 

In other cases the belief that man possesses a spirit seems to have been 
snggested by the shadow. Thus, among the Feejeeans : "Some," says 
Mr. Williams, " speak of man as having two spirits. His shadtAr is called 
the *dark spirit,' which they say goes to Hades. The other is his like- 
IK8S reflected in water or a looking-glass, and is supposed to stay near 
the place in which a man dies. Probably this doctrine of shadows has 
to do with the uotiou of Inanimate objects having spirits. I once placed 
a good-looking native suddenly before a mirror. He stood delighted, 
■240W,' said he softly, 'I can see into the world of spirits.'" 

Bat tliough spirits are naturally to be dreaded, on various accounts, 
it by DO means follows that they should be conceived as necessarily 
-wiser or more powerful than man. Of this oar spirit-rappers and table- 
tomers i^ord us a familiar illustration. 60 also, the- natives of the 
2Ticobar Mauds put up scarecrows round their villages to frighten away 
hostile spirits. The natives of Kamt«batka insult their deities if their 
-wishes Me unfulfilled. They even feel a contempt for them. " If Kutka," 
tkey say, "had not been stupid, would he have made inaccessible moan- 
tains and too rapid rivers t" 

The L^ps made images of their gods, patting each in a separate box, 
«n whieh was written the name of the deity, so that each might know 
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Tbo Eyoungtba, of CliittagoQg, are Baddhists. Their village tempJes 
contain a smaJI stand of bella, and an image of Boodb, which the villa- 
gers generally worship raorniug and evening ; " first," as Captain Lewin 
states, "ringing the bells to let him know they are there." The Sinto 
temples of the Sun Goddess in Japan also contain a bell, intended, as 
Bishop Smith tells us, "to arouse the goddess, and to awaken her atten- 
tion to the prayers of her worshippers." 

Casalis states that when a KafBr is on a marauding expedition, be 
gives utterance to those cries and hisses io which cattle-drivers indidge 
wben tbey drive avberd before them, thinking in this manner to persoade 
the poor divinities of the country they are attacking, that be is bring- 
ing cattle to their worsluppers, instead of coming to take it from them. 

Many other illustrations might be given, but these are sufflcieut to 
show how low and degraded is the savage conception of the Divine 
nature. Onidunlly, however, as the human mind expands, it becomes 
capable of higher and higher realizations. 

I will now describe very shortly the religions of some savage laoes, 
beginning with the lowest, which may be called Animism. 

The religiou of the Australian, if it can be so called, consists of a 
belief in the existence of ghosts, or spirits, or at any rate of evil beings 
who aro not mere men. This belief cannot be said to iuHuence them by 
day, but it renders them very unwilling to quit their camp-fire by nigh^ 
or to sleep near a grave. They have no idea of creation, nor do mey 
use prayers; they have no religious forms, ceremonies, or worship, 
Tbey do uot believe in a Supremo Deity, or in the immortality of the 
soul, nor is morality in auy way connected with their rpJigion, 

An interesting account of the religious condition of the northern 
natives ban been given by a Mrs. Thomson, a Scotchwoman, who was 
wrecked on that coast, and lived alone with the natives for n^rly five 
years, when she was rescued by a Eoglisb ship. The Australians ^ 
over the continent have an idea that when the blacks die they turn iut« 
whites. Mrs. Thomson herself was taken for the ghost of a woman 
named Gtom, and when she was teased by the children, the men would 
often say, " Leave her aloue, poor thing ; she is nothing, only a ghost." 

This, however, did not prevent a man named Baroto making her his 
wife, which shows how little is really implied in the statement that the 
Australians believe in the existence of spirits. In reality they do no 
more thai believe in the existence of men slightly difi'ereut from and 
somewhat more powerful than themselves. 

PETtOHISU. 

The Fetichism of the Negro is a step in advance, because the iofiaeaoe 
of religion is much raised in importance. Kovertbeless, from one point 
of view, Fetichism may be regarded as an anti-religion 5 for the Negro 
believes that by means of the Fetich he can coerce and conttol the 
deity. 

Indeed, Fetidhism is mere witchcraft. We know that all ov^ the 
world would-be magicians think that if they can obtain a part of as 
enemy, or even a bit of his clothing, they thus obtain a control over 
him. 

Nay, even the knowledge of the name is supposed to confer a cortain 
power. Hence the importance which savages attach to names. Xhos, 
for instance, the tme name of the beautiful Pocahontas, a celebrated 
Yirgiuian chieftainess, was Matokes ; but this name was carefully con* 
cealed ^m the FngUsh, lest it should give them a power over her. Fof 
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the same reason tbe Bomans carefdlly concealed the name of the patron 
saint of their city. 

Id other caaes it wae thought sufficient to make an image to represent 
the original. Thna, even in tbe 11th century, and in Europe, some 
unfortunate Jews were accused of murdering a certain Bishop Eberhard, 
by making a wax figure to represent him, and then burning it, whereby 
the bishop died ; this indeed was a common form of witcbcraft. 

Kow, Fctichism seems a mere extension of this belief. The Xegro 
Boppoaes that the possession of a Fetich representing a deity makes 
tiiat deity bis slave. 

A Fetich, therefore, differs essentially from an idol. The one is 
intended to raise man to tbe contemplation of the deily ; the other to 
bring the deity within tbe control of man. Aladdin's lamp is a familiar 
instance of a Fetich ; and indeed, if witchcraft be not coufased with 
religion, Fetichism can hardly be called a religion. 

The low religious conceptions of the Negroes are well illustrated in 
the general belief that the Fetich sees with its eyes as we do ; aud so 
literally is it the actual image which is supposed to see, that, when the 
Negro is aboat to do anything of which he is ashamed, he hides his 
Fetich in his waistcloth, so that it may not be able to see what is going 
on. Fetichism, strictly speaking, has no temples, idols, priests, sacri- 
fices, or prayer. It involves no belief in creation, or in a future life, 
and, a fortiori, none in a state of future rewards aud punishments : it is 
entirely independent of morality. 



The next stage in religions progress is that which may be called 
Totemism. Tbe savage does not abandon his belief in Fetichism, from 
which indeed no race of man has yt entirely freed itself, but be sui)erin- 
duces on it a belief in beings ofa higher and more mysterious nature. In 
this stage everything is deified — stones, rivers, lakes, mountains, the 
heavenly bodies^ even animals and plants. 

Various tbeones have been suggested to account for the origin of the 
deification of such objects. I believe that it arose principally in this 
way: A chief being named after some tree or animal, say the Black 
Bear, or the Eagle, bis family would naturally take the same name. 
They would then come to look on the animal after which. they were 
named, first with interest, then with respect, and at length with a sort 
of awe. 

Id Australia, we seem to find the Totem, or, as it is there called, the 
•'Kobong," in the very process of deification. Sir George Grey tells ua 
that each family takes some animal or plant as its sign or "JCobong." 
Ko Dative will intentionally kill or eat his "Kobong," which shows that 
there is a mysterious feeling connected with it ; but we are not told that 
in Aostralia the Kobong is regarded as a deity. 

In America, on the other hand, the redskins worship their Totem, 
fiom which they believe themselves to be actually descended. 

If we remember how low is the savage conception of a deity, we shall 
see tbaC the larger and more powerful animaU do, in fact, to a great 
extent, fulfill his idea. 

This is especially the case with nocturne animals, sncfa as the lion 
and tiger. As the savage crouching by the side of his camp-fire at night 
liateos to the cries and howls of the animals prowling round, or watches 
them stealing like shadows among the trees, what wonder if be weaves 
xnysterions stories aboat them, and eventnally foncies them something 
inore myeterioos than mere mortal beings. . . CtOOqIc 
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The worship of the serpent is very prevalent. Ito bite, ao trifling tn 
api>eariince, and yet so deadly, producing fatal effects rapidly, and ap- 
parently by no adequate means, snggests to the sarage almost irreaiBti- 
bly the notion of something divine, according to his notions of divinitj. 

There were also some lower, but powerfal considerations, which tended 
greatly to the development of serpent-worship. The animal is long- 
lived, and easily kept in eonflnement; hence the same individnal might 
be preserved for a long time, and easily exhibited at intervals to the 
multitude. In Guinea, where the sea and the serpent were the principal 
deities, the priests encouraged the worship of the latter expressly, as w« 
are told, because offerings presented to the sea were washed nway by 
the waves, which was not the case with those offered to the serpeut. 

It is somewhat more difficult to nuderstand the deification of itiaui- 
mate objects. In fact, however, savages scarcely believe in the eiiet- 
enee of inanimate objects. Chapman mentions that the Bnsbiaea in 
South Alriea thought his big wagon was the mother of his small one. 
Heame tells ns, that the North American Indians never hang np two 
nets together, for fear they should be jealous of one another, aod that 
they prefer a book which has caught a. big fish to fifty which have not 
been tried. 

The South Sea Islanders not only believed that their animals hitd 
souls, but also that this was the case with inanimate objects. Hence, 
the savage broke the weapons and buried witb the dead, so that bbeir 
souls might accompany that of their master to the land of spirits. 
Hence, also, on one occasion the king of the Eousea Kaffirs having bro- 
ken a piece of iron ft-om a stranded anchor, died soon after, upon which 
the Kaffirs immediately concluded that the anchor was alive and had 
lulled their king. 

Some such accident probably gave rise to the ancient Mohawk notion, 
that some great mistbrtuue would befall any one who spoke while crosB- 
ing Saratoga Lake. A strong-minded English woman on one occasion 
purposely did so; and, after landing, rallied her boatman on bis super- 
stition ; but I think be had the best of it after all, for he at once replied, 
that the Great Spirit was merciful, and knew that a white womao ooold 
not hold her tongue. 

We find, indeed, the worship of lakes and rivers, or traces of it, aD 
over the world. Even onr own island is full of sacred wells and springs, 
and Scotland and Ireland especially aboond with legends about water- 
spirits. I have myself seen a well in Rosshire hung round with the 
offerings of the peasantry, consisting principally of rags and half-pence. 

The worship of upright stones is also very widely distributed. This 
form of worsliip has been explained by M. Dulanre as arising from the 
respect paid w boundary stones. I do not doubt that, in the case of 
some particular stoues, it may have so arisen. The heathen deity, 
Hermes, or Termes, was evidently of this character, and bence we may 
explain the jteculiar and apparently antagoDlstio peculiarities attacbed 
to him. , 

"Mercnry or Hermes," says Lempri^re, "was the messenger of the 
goda; he was the patron of travelers and shepherds; he eonduoted the 
souls of the dead into the infernal regions, and not only presided ovtr 
orators, merchants, and declaimers, but was also the god of Uiieves, 
pickpockets, and all dishonest persons. He invented letters aod the 
lyre, and was the originator of the arts and sciences." 

It is difflcnit at first to see the connection between tfaese vaiioiu 
offices, characterized as they are by such opposite peculiarities. "Yrt 
they all follow from the custotn of making boondaries by opriglit stones. 
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Henoe tbe name of HetineB or Tennis, a bonudar; or tenninns, while 
tiie name of the corresponding Roman deity, Mercniy, is connected with 
the word "mutih," or boundary, whence our title of nmrqaiB, meaning 
originally a person to whom was intrusted the dnty of guarding the 
" march," or neutral territory, wbioU in the troublona timea of old it 
was caBtomary to leave tietween the posseeaions of different nations. 

These inarches, not b«ing cultivated, served as grazing gronnds; to 
tAem came merchants to exchange on nentral ground the products of 
their respective countries; here ^o, for the same reason, treutios were 
negotiated; here also inteniational games and sports were held. Up- 
right stones were used to indicate places of burial: uid lastly, on them 
were inscribed laws and decrees, records of remarkable events, and the 
praises of tbe deceased. 

Hence Mercury, represented by a plwn upright stone, was the deity 
of travelers, because he was a landmark; of sbeph^tls, as presiding ever 
pastures; he conducted tbe souls of the dead into the infernal regiona, 
becanse even in the very early days upright stones were used as tomb- 
stones ; he was the god of merchants, because commerce was carried on 
ineinly at the fivntiers ; and of thieves out of sarcasm. He was the 
messenger of the gods, booanse ambassadors met at the frontiers; and 
of eloquence, for the same reason. He invented tiie lyre and presided 
over ^mes, becanse contests in music, &c., were h^d on neutral ground ; 
and he was said to have invented letters, becanse inscriptious were 
engraved on upright pillars. 

Stone-worship in ita lower phases has, however, I think, a different 
origin, and is merely a form of that indiscriminate worship which 
characterizes the hnman mind in one phase of development. 

Fire, again, is worshipped all over the world. In ancient times it 
was far from being so easy to light a fire as it is now that we have Incifer 
matches and various other appliances for tbe purpose. In some parts 
of Tasmania and Australia the natives, if their fires went out, preferred 
to go long distances to -get n IVesh spark from another tribe rawer than 
attempt to light one for themselves. 

In somewhat more advanced communities, as^ for instance, in some of 
tbe North American tribes, and in the ^niliar instance of Rome, certain 
individuals were told off to keep a fire continually bnrniog. Thus wotdd 
naturally arise the idea that this fire was something sacred and holy. 
Hie name of the classical goddess of Are, Vesta, or Hestia, means lit- 
erally a hearth. 

The worship of fire naturally reminds ns of that of tbe heavenly bodies, 
and especially of the sun and moon. When once the idea of religion 
had arisen, no one can wonder that they should be regarded, as deities. To 
ns indeed this worship seems to contain much that is grand ; and while . 
many writers have refnsed to believe it possible that man could ever 
Tealiy have worshipped animals and plants, almost alt have regarded that 
of the sun and moon as natural and appropriate. 

Yet the sun and moon do not appear to have suggested the idea of 
divinity to the savage mind by any other process than that already 
allnded to in the case of animals. The lowest races have never raised 
their minds to the contemplation of the sun or moon as deities. This 
worship commences only in the stage above Fetichism, that is to saj', as 
a form of Totemism ; but it reaches its greatest importance at a sub- 
sequent stage (rf religions development. Before quitting Totemism^ it) 
may be well to observe that even objects most inappropriate, accordmg 
to our ideas, have been deified by various races. 

Thus, In Oentrai India, the .Todas are said to worship a buffitlp>lnt^'^ 
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ponring oot libatioDS of milk, and offioring prayers to> it The Kotae 
worship two silver plates^ which they regard as huaband aod wife, 'niey 
have DO other deity. The KinumbaH worship atoneA^ trees, and autrliilla. 
The Toreas, auother neighboring bill tribe, worship especially a gold 
uose-ring, which probably once belonged to one of tbeir women. 

Many other inanimate objects have also been worshipped. Debrossee 
mentions an instance of a king of hearts being mule into a deity. 

The South Ssa Islanders, who represent a distinctly higher phase of 
civilization than the hill tribes of Hindostan, or the r^ Indians of 
North America, present us also with a higher form of religion. Iheir 
deities are conceived as more powerful. In many islands there are tradi- 
tions of a powerful being who raised the land from below the waters^aod in 
Tonga, until lately, it is said that the %'ery book was shown with which 
this was effected; still the deities cannot be regarded as creators, 
because both earth and water existed before then. Neither was the 
religion of the South Sea Islanders connected with morality. Their 
deities were not snpposed to reward the gooil or to punish the evil. In 
the Tonga and other islands the common people were not supposed to 
have souls at all. In Tahiti the natives believed in a future life, and 
even in the existence of separation between the spirits, some going to a 
much happier place than others. This, however, was not considered to 
depend on their conduct during life, but on their rank — the chieis going 
to the happier, the remainder of the people to the less desirable locality. 

The Feejeeans believe that, as they die, such will be their condition 
after death. Moreover, the road to mbulu, or heaven, is long and diffi- 
cult; many souls perish by the way, and no diseased or infirm pentoa 
could possibly succeed in overcoming all the daugers of the road. 
Hence, as soon as a man feels the approach of old age, he notifies to his 
children that it is time for him to die. A family consultation is tbMi 
held, a day appointed, and the grave dug, Mr. Hunt gives a striking 
description of soch a ceremony once witnessed by him. A young man 
came to him and invited him to attend his mother's funeral, which was 
jast going to take place. Mr. Hunt accepted the invitation and joined 
the procession, but was surprised to see no corpse. He asked where the 
mother was. when the young mUn pointed out his mother, who, in Mr. 
Hunt's wbnis, was walking along "as gay and lively as any of those 
present." When they arrived at the grave, she took an affectionate 
farewell of her children and friends, and th^ cheerfully submitted to be 
strangled. 

So general) indeed, was khia custom in the Fe^'ee Islands, that in 
many villages there were literally no old people, all having been put to 
death; and if we are shocked at the error which led to such dreadful 
results, we may at least see something to admire in the firm faith with 
which they acted up to their religious belief. 

It will be observed that, up to this stage, religion is entirely deflcieat 
in certain characteristics with which it is generally regarded as inti- 
mately associated. The deities are mortal; they are not creators; uo 
importance is attached to true prayers; virtue is not rewarded, nor vice 
punished; there ore no temples or priests; and, lastly, there are no 
idols. 

Up to this stage, indeed, we find the same ideas and beliefs scattered 
throughout the whole world, among races in the same low stage of men- 
tal development. 

From this point, however, differences of circumstance, differences of 
government, differences of diaracter, materially influence the forms of 
religious belief. Natives of cold climates regard the sun as beneficent. 



THE LOWEB BACB8 OF lUV. S61 

those of the tropics consider him as evil; hnntinf; races worship Uie 
mooii, agricnltarists the sun ; again, in free communities thought is IVee, 
sndj consequently, progressive; despots, on the contrary, by a natural 
inBtiDCt, endeavor to strengthen themselves by the support of spiritual 
terrors, and hence favor a religion of sacrifloes and of priests rather 
tbaa one of prayer and meditation. 

Lastly, the character of the race impresses itself on the religion. 
Poetry especially exercises an immense infiuence, as, for instance, baa 
been well shown by Max Miiller and Cox to have been the case with the 
Greeks, the names of the U^reek gods reappearing in the earlier Tedic 
poetiy as mere words denoting natural objects. Thus, Dyaus, in ancient 
Sanscrit, means simply the sky ; aud the expresHiou, the *' sky thnnders," 
meant originally no more than it does with us. The Greeks and 
Romans, however, pei-sonified Dy^us, or Zeus; thus, they came to 
regard him as a deity, the god of thunder, the lord of heaven, and thus 
built up a whole mythology ont of what were at first mere poetical 
expressions. Time, however, does not pwmit me to enter on this inter- 
esting part of the subject. I trust, however, that what I have said shows 
that the opinions of savages, as regards religion, differ essentially Irom 
those prevalent among us. Their deities are scarcely more powerful 
than themselves ; they are e\il, not good ; they are to be propitiated by 
eacriflcea, notbyprayer; they are not creators; they are neither omnis- 
cient nor aD-powerful ; they neither reward the good nor pniish the 
evil; far from conferring immortality on man, they are not even, in all 
case-s, immortal themselves. 

Where the material elements of civilization developed themselves with- 
ODt any corresxmnding increase of knowledge, as, for instance, in Mexico 
and Peru, a more correct idea of Divine power, without any coirespond- 
ing enlightenment as to the Divine nature, led to a religion of terror, 
which finally became a terrible scourge of humanity. 

Gradually, however, an increased acquaintance with the laws of nature 
enlarged the mind of man. He first supposed that the deity fashioned 
the earth, raising it out of the water, and preparing it as a' dwelling- 
place for man ; and subsequently realized the idea that land and water 
were alike created by Divine power. After regarding spirits as alto- 
gether e\'il, he rose to a belief in good as well as in evil deities, and 
gradually subordinating the latter to the former, wor^ipped the good 
spirits alone as gods, the evil sinking to the level of demons. 

From believing qnly in ghosts, be came gradually to the recognition 
of the soul ; at length uniting this belief with that in a beneficent aud 
Jnst being, be connected morality with religion, a step the importance 
of which it is scarcely possible to over-estimate. 

Thus we see that as men rise in civilization their religion rises with 
them ; that far Irom being antagonistic to religion, without science, true 
religion is impossible. 

The Australians dimly imagine a being, spiteful, malevolent, but weak, 
and dangerous only in the dark. 

The Negro's deity is more powerftil, but not loss hateful. Invisible, 
indeed, but subject to paiu, mortal like himself, and liable to be made 
the slave of man by enchantment. 

The deities of the South Sea Islanders are some good, some evil ; but 
on the whole, more is to be feared from the latter than to be hoped from 
the former. They fashioned the land, but are not truly creators, for 
earth and water existed before them. They do not puoi^ the evil, uor 
reward the good. They watch over the affairs of men; but if, on the 
one hand, witchcraft hoe uo power over them, neither, on the other, can 
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pntyer inflnence tbem ; they require to share the crops or the booty of 
their worshipers. 

Thus, then, every increase in science — that la, in positive and ascer- 
tuined knowledge — brings with it an elevation of religion. 

Nor is this progress confined to the lower races. Even witliiu the last 
century, science lias purified the religion of Western Europe by rooting 
out the dark belief in witchcrall, which led to thousands of executions, 
and hung like a black pall over the Christianity of the Middle Ages. 

Yet, in spite of these immense services which science haa confessedly 
rendered to the cause of religion, there are still many who look on it as 
hostile to religious truth, forgetting that science is but exact knowledge, 
and that he who reganU it as incompatible with hiu religion, practionlly 
admits that his religion is untenable. 

Others, again, maintain that although science or religion cannot* indeed 
be at variance, yet that the teaching of scientific men, or rather of some 
Bcientihc men, is in open hostility with religion. 

What justification is there, however, for this idea t No scientific man, 
80 far OS I know, has ever been supposed to have taught anything which 
he did not himself believe. That surely was their right— nay, their duty } 
their duty alike to themselves, to you, for their devotion to truth is 
their best claim to your conMenee— nay, to religion also, for nothing 
could be more fatal to religion tlian that it should be snppoaed to require 
the suppression of truth. 

No, the true spirit of faith looks on the progress of science, not with 
feat but with hope, knowing that science can influence oar religions con- 
ceptions for good only. 

Whether, then, as some snppose, soienoe is destined profoundly to 
modify our present religions views, or not — into which question I do 
not now wteh to enter — no one need on that account regard it with appre- 
hension or with distrust. 

Far from it, we must be prepared to accept any conclusions to which 
the evidence may lead ; not in the spirit of resignation or of despair, bat 
in the sure and certain hoi»e that every discovery of science, even if it 
may conflict with our present opinions, and with convictions we hold 
dear, will open out to us more and more the majestic grandeur of the 
^universe in which we live, and thus enable us to form nobler and there- 
fore truer conceptions of religions truth. 

The time, then, has surely now come, when scientific men need do 
longer stand on the defensive, but may call on the state, which is now 
Diakiug a great, eSbrt to establish a national system of education, and 
bos ever shown itself ready to assist in the prosecution of scientific 
research — may call on the clergy, who exercise so great an inflneooe — 
no longer to ignore in our elementary and other schools the great dis- 
. eoveries of the last thousand years, but to assist us in making them 
more generally known to the people of this country; oonfldeot that a 
better acquaintance with the laws which regulate the beautiful world 
in which we live would not only diminish the evils from which we Buf- 
fer, and add greatly to the general happiness, but also tend to dev^op 
oar moral nature — to elevate and purify the whole character (rf mata. 
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PKINCIPIES AND METHODS Of PAIAEONTOLOGT. 



Bt Tbduas Henry Huxut, 



[The following article was pnblished, in 1665, in " A CataXogae of the Collection of 
Tossilflln the Miiarnin of Priietical Qeo1ogr>" 'te. AUhoiifch evidenllj written, at loaat 
in part, long before ita pablicatioB, it etill Nmaina one of the cleurrat and most oam- 
plete suumariis of the subject yet published, and as the want of snch a samioarf has 
been fraquently expressed, it is here reproduced. On account, however, of its length, 
certain passages of simple local interest have boon omitted. — H.] 

' I. — PRELIMINAHT CON8IDEBATIOK8. 

The fonnntion of tbe collection of fossils in tbe Museum of Fntctica] 
Gteo)ogy has been a necessary result of tbe operations of tbe geological 
survey of Great Britaui, whose oflicers have been engage<I for many 
years past ia doterminiug the structure of the British isluids ; that is, in 
aaoertsiDing what is the nature and tbe order of saperposition of the 
Tarious irregular masses or regular " strata,"' piled one upon another, 
which compose these like all other parts of the earth's crust. 

If rocks and stones were soft and easily cut, nothing would be easier 
than the solution of these questions. It would be merely uece8sar>' to 
make a sufficiently deep vertical cutting of the country in any required 
direction, and the true order of tbe beds would be at once visible on 
the walla of the section. But it is needloas to say tbat in practice cut- 
ting into rocks is a very difficult and a very expensive operation, and 
that the making of such artificial sections as these, for geological pur- 
posea, ia wholly out of the question. Tbe geological surveyor is, there- 
fore, obliged to trnst very largely to the accidental occurrence of natural 
seetjons, such as are E^brded by the sea cliffs or the scarped bills which 
may occur m his line of work, and to snch artificial aids as are inciden- 
tally yieldetl by the sinking of shafts or tbe cutting of railroails. 

It becomes, consequeutly, of essential importance to him to poaaeea a 
meiuiB of identifying the beds which he fiiida in one section with thoae 
in another. Similarity or dissimilarity of mineralogical composition will 
not always help him, as this ijuality not only varies in tbe aame stratum, 
but is similar in widely different strata; so that beds of limestone in one 
place may correspond as regards age and poaitioii with sandy or clayey 
BtratA elsewhere. On the other hand, the continuity of a stratum be^ 
tween any two points examined would be clear and decisive as to ita 
identity at tbe two points, but this evidence, for the reasons just stated, 
is bnt rarely attainable i and where, as so frequently happens, the strata 
liave been disturbed from their original position, widely separated, 
or partially destroyed between the two points, it becomes hopeless to 
seek for any such proof. Were there no other test of the nature of a 
stratum at any given point than its mineral character, and ita continuity 
with some other stratum wh.oaa place in the series was known, we might 

* Stratum. — A single layer of the earth's crust, whatever its composition, is techni- 
cally tenneil a Htratum. For simplicity's sabe, the often highly irregular tnns8«s of 
igneous rock nbiuh enter largely luto the Arnipositinti of tbe earth's crust, and which 
might not todmically be leimed " strata," mny be left out of eousideration- , 
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have a series of local toiiographies, bnt no science of geolog; ; nor cirald 
those (Treat laws ever have beeu established by which the geologist, 
acquaiiit«d with the surface rock of a country, is enabled to predict with 
much contideuce what may, and what cannot, be found beneath it. 

These laws are in truth entirely based on the study of the "fossils" 
contained in the rocks ; it is ux>on this science of fossils, or " palaeon- 
tology,"' that another and most important method of determining the 
nature and order of the strata rests. Cniversal experience has shown 
that every series of strata contains assemblages of fossils whi<^ are 
peculiar to and characteristic of it; which are usually fbnnd in it, and 
never found out of it; and observation has further demonstrated that 
the Ktrata thus characterized are arranged in an order of superposition 
which is everywhere constant. It follows, tberetbre, that the fossils con- 
tained in a stratum of rock are capable of revealing to us, at once, the 
position of that stratum in the whole series, and of informing us what 
lies above and what below iL 

A common example will illustrate the practical value of the informa- 
tion thus obtained. 

It la shown by experience that in these islands extensive beds of good 
workable coal are never found below that particular series of strata 
termed, collectively, the "carboniferous formation." Nevertheless, fos- 
silized vegetable matters occur in other strata, and have not unfre- 
qaently misled owners of estates into undertaking ruinously expensive 
and wholly fruitless mining operations, which would never have been 
commenced had they availed themselves of the information afforded hy 
the foasilsof the surface rocks. For it is clear thatapreliminary exami- 
nation of these fossils wili show at once whether they belong to strata 
below the carboniferous rocks or above them. If the former be the case, 
then the sinking a shaft is absuni, as every blow of the pickaxe most 
t«ke the miner, iii realit>', farther away from the object of his search ; 
if the latter, on the other hand, success is at any rate possible, thongh 
the expediency of making the attempt will doi>eud upon many contin- 
gencies. 

Now it is clear that, if the fossils contained in the rocks constituting 
the surface in every district of Great Britain had been examined, it would 
be imssible, by coloring a map of these islands in such a manner that all 
those parts whose fossils indicated their inferiority to the carboniferooa 
formation should be blue, and all those which lay above it should bo red, 
to indicate at once to the miner where his search for coal might possibly 
be successful, and where it must necessarily fail. And, fnrthermtne, if 
the fossils on which the coloring was based were placed in a museum 
for public inspection, it would be open to every one to examine for him- 
self the evidence on which the map stood, and to satisfy himself of the 
accuracy of this part of the work of the surveyors. 

What is here supposed to be done with reference to this one set of 
beds — the carboniferous formation — has, in effect, been performed by 
the labors of the geological surveyors of Great Britain for all the strata 
which enter into the composition of the British Islands. The place 
where each constitutes the snrface rock is marked by an appropriate 
color on the maps of the survey. The fossils which have served as the 
standards of comparison in determining the nature of the strata are 
open to general Inspection in the Museum of Practical Geology. In one 
sense, therefore, the collection of fossils is simply the product of and 
key to the maps of the survey. 
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Important aa it ia, howerer, to tbe wel&re and prosperity of the 
coaDtiy that an accnrat^ record should exist of the coinposition of it9 
share of tbe earth's crust, whence tbe mitier, tbe metallurgist, and the 
mineralogist estrnot so many products of the utmost value to man, and, 
indeed, indispensable to the maintenance of his present complex state 
of civilization to suppose that this immediate and so-called " practteuP 
object of tbe collection is tbe only, or even tbe most important, end 
that it subserves, would be as great an error as that of the barbarous 
Oriental, who sees nothing but a convenient stone quarry in those mas- 
sive pyramids, on whose walls the instmcted Eastern traveler reads the 
history of au anuieut world, and learus tbe more, the more knowledge 
and capacity he brings to the inquiry. In truth, the history, not merely 
of one but of a series of ancient worlds, is written upon tbe rocks which 
compose the solid coating of the globe in signs tbe meaning of which ia 
de(»pbemble with lar more ease and certainty than that of hieroglyphic 
or cnneiform insciiptions ; or we might say that, as it is the custom in 
these times to deposit the coins and medals of the age under the founda- 
tion stones of a building, so the Great Artificer has, as be laid each 
course of stone in the world's foundations, deposited coins and medals of 
His striking, the remains of the then existing system of organic life, 
the bones and shells of the contemporaneous living beings. 

But a history in an unknown tongue can be profitable only to those 
who will take the trouble to acquire a knowledge of the construction of 
the language, and of the signification of its words and signs. Now, 
natural history, or the science of the structure and habits of living 
beings, is the grammar and dictionary of the language of fossils. To 
understand all that fossils teach, natural history mnst have been the 
Btady of a life ; but a clear comprehension and careful recollection of a 
few of its simpler principles will be sufficient to enable a person of in- 
telligence, unversed in science, to apprehend the wider bearings of the 
collection. To afford this assistance is the sole object of the pres- 
ent exjJanatory preface. It is intended to awaken even a casual \isitor 
to a sense of the profoundly interesting problems which the collection 
£orces upon our consideration ; to enable him to comprehend how it is 
that the naturalist reads here, as plainly as if it were stated in to-day's 
p^>er, and with considerably more faith than he would place in any 
mere htunan affirmation, that the earth has undergone a great series of 
changes, stretching over enormous periods of time; that its living popu- 
lation has not always been what it is now, but that the present kinds of 
Miimals and plants have been preceded by others widely differing from 
them, and these by others, and so on, for an indefinite series of altera- 
tiODs; that these changes have been accompanied by constant-altera- 
tioDS inclimate and in the level of the laud and sea; finally, that the 
period of time of which these records famish tbe history is inconceiva- 
bly immense. 

These are weighty uticles of belief^ and nothing can seem, at first, to 
be less likely than that tho accumulation of oddly marked and 8hai>ed 
stones, which are visible on tbe shelves around, should contain abund- 
ant evidence of their validity and trutii ; bat so it is. How it is, will 
be rendered dear by what follows. 

II. — Brief exposition op those pbincipi.es op natueal history 

^HTHICH ABB OP THE UOST IMFOBTANOE TO THE UNDEBBTAKDINQ 
OP FOSSILS. 

It basbeen stated that natnral history is the key to palaeontology, and 
hence, before attempting to learo the meaning of fossils, it ia necessary 
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to be acquainted with tboae principles of biologioal scieoce vbi<!h bear 
most directly iipou the subject: 

1. The most important of all the generalizations of natural bistwj-, 
and, indeed, one of the most brilliant additions which the progress ^ 
modern science has made to human knowledge, is the law that all ani- 
mals and plants are associated and arranged bcoording to certain fixed , 
laws. 

Thas, to select an example fW>m the animal kingdom : There is an 
immense variety of hoofed ruminating animaU, antelopes, sbeep, oxen, 
deer, giraffes, camels ; but notwithstanding the extreme difference in 
the aspect of these irell-knowa creatures, the anatomist discovers that 
they exhibit a great number of common characters. Thas — 

a. All possess a bitckbone, or vertebral column, separating the great 
centers of the nervous system fb>m those of the alimentary and circu- 
latory apparatus,* and the latter is situated on the ventral, front, or 
downward face of tbe body ; none have more than two pairs of Limbst 
the chief central nervous system is not pierced by the alimenbu-y canaL 

b. All have a heart with four cavities ; possess lungs and a nudriff or 
diaphragm ; and have two facets on the hinder part of the skull, for «* 
ticniation with the foremost bone of tbe spinal column. In all, each 
half of the lower jaw is in a single piece, and is articulated directly 
with the skull by a convex head ; they all possess mammary glands for 
suckling their young. 

c. The teeth are in al) more or less deficient in the front part of tiie 
upi)er jaw; they all possess complex stomachs, and not more than two 
completely developed long bones in the middle region of the fore and 
hind feet 

It would be easy to make a drawing embodying all these peculiari- 
ties, and that drawing would stand in precisely the same relation to the 
group of "ruminants" (technically called "fliimtfki»(itt") as the ground 
plan of a single bouse does to the street which the architect means to 
build of bouses of that size and general form. The superstructure of 
each house may, if tbe architect pleases, be totally different in style, 
without in any way interfering witii his general plan; and similarly, in 
each particular ruminant, the common plan is preserved, while tits de- 
tails of the " elevation," the size, the figure, the proportions, tbe oraa- 
mentation in the way of color and horns, vary to au immense extent. 

Having thus acquired a uoti(m of tbe "common plan" of the mmi- 
nanttH,-it will be found, on turning to other equivalent groups or " orders^ 
of tbe Mammalia, (or animals which snckle their young,) that a oorre- 
spondiag common plan may be tbnnd for each ; and when all these 
common plans are compared together, it will be discovered that there are 
certain respects in which they agree. All mammalia, in fact, possess the 
anatomical characters enn&ierated under the preceding beads a and b. 
Hence, a drawing exhibiting those features would serve as a "common 
plan" of the mammalia, and thecommpn plausof the orders of mammals, 
mminantia," carnivora, &c., might be regarded as modifications of the 
plan of all mammals in the same sense as each ruminant is a modifica- 
tion of the com raon plan of all ruminants. But now, if we were to extend 
our researches further, and compare mammals with birds, reptiles, am- 
phibia, and fisbes, we shonld discover a still more remarkiible tbct, viz: 
that all these creatures, and only these of all living things, possess tbe 
character enumerated under the first bead. Hence, a drawing or dia- 
gram embodying these characters would represent the common plan of 

* 8trictl;r epe&king, tho f^up EuminaMtia is only a jtart of the modern order ArtMa^ 
tfU, but it wan cunveDient here to usa the Uiim in ila old senu and value, at nOhmx 
■ub-ordor Arttodactgla of Ibo order UnjiiliUa.) 
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these frairaals, which we<M>Ueotive)y termed the Vertebrata; and It would 
fltAud in the same relation to the common plans of birds, mammals, rep- 
tiles, ampbilna, and fishes, as the ruminant plan did to oxen, sheep, and 
Mitelopes. 

B; carrying investigations of this kind into the rest of the animal 
kingdom it has been shown that every animal whatsoever is a modifica- 
tion of one or otherof five great common plans — the plan of the VerUhrata, 
that of the Armulota, that of the Ceelenterata, and that of the Protozoa, 
This division of the animal kingdom is not generally adopted in this 
country; that most prevalent recognizes the branches Vertebrata, Ar- 
tumUUa, Moiusoa, Badiata, and Protozoa. 

It is most Important, however, not to form a wrong idea as to the real 
import of these "common plans." We must regard them simply as de- 
vices by which we render more clear and intelligible to our own minds 
the great truth that the parts of living bodies are associated together' 
according to certain definite laws. Why it is that an animal which 
snckles its youug should invariably possess a double articular surface at 
the back of its skull, should have the articular surface of its lower jaw 
convex: or flat and not concave, and should always be provided wilfa 
hmrs and never with feathers, we know as little as why the earth turns 
from west to east, and not from east to west; but if the ruorphological 
law which expresses this invariable coexistence, or correlation, of organic 
peculiarities has been as regularly verified by our experience as the as- 
tronomical law, we may, for all practical purposes, reckon as securely 
npou the constancy of one relation as upon that of the other. 

It is, indeed, remarkable to how great an extent we may de|>end upon 
these laws, and how seemingly unimportant, and in the preseut state of 
physiology inexplicable, many of the most constant correlations of ani- 
ms^ parts are. Thus the profoundest of " teleologists" ■ will, i)robiibly, 
hesitate to attempt to account, by any physiological reasoning, for the 
above-stated invariable occurrence of true liairs in tho8e animals only 
which anckle their young and have two occipital condyles; bnt, never- 
theless, if a single hair be placed hefor^ a naturalist he will be able, in 
many cases, not only at once to decide that the animal to which it belongs 
possesses a backbone, has four limbs, suckles its young, has a heart with 
four distinct cavities, possesses lungs; but bemaybeablctogo into minute 
details as to the structure of its brain, and the arrangement and number of 
its t«etb. How does he know these things 1 Simply because experience 
teaches him that the structure of the hair iu question is found as a constitu- 
ent part of only one particular plan of organization, and, therefore, may be 
depended upon asanindicationof all the other peculiarities of that plan. 
Just as when a particular characteristic fossil is found we may predi- 
cate what other fossils will be found in the same bed, without having 
the least idea of the why and the wherefore of the assodntion; so the 
apparently trivial and unimportant hair indicates, we know not why, all 
the otber structural peculiarities which experience shows to be associated 
with it. We shall find the application of these truths by and by in con- 
sidering the methods by which fossils are determined. 

Important consequences flow from tlie fact that the forms of living 
bein^ are modeled upon common plans, and from the kind of relation 
■which exists between any actual form and its plan. Thus the vertebrate 
plan, as has been seen, undergoes five modifications, each of which con- 
stitutes the common plan of a large assemblage of animals — of mammals, 

'Trl.eoi.ogy. — The doctrine of floalcMUM. "Teleologist,"oue whoMekafot thu flonl 
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of birds, of reptiles, of amphibiaoa, and of flshee: and if we select auy 
of these snbonliDate plans we find it again modified bo as to constitate 
the plans of the minor subdivisions of these great assemblngea. Ttie 
reptilian plan is modilied in one way to form the plan of the turtle tribe, 
in another to constitute that of the crocodiles, in another that of the 
lizards, of the snakes, and so forth. And, in like manner, the common 
plan of any great division of the animal kingdom is seen, in nature, to 
be modified into a series of more and more altered and specialized pUinB, 
each of which is common to the members of a progressively smaller sub- 
di^nsion of the group, uutil at length we arrive at the smallest assem- 
blage of beings which can be said to possess a particular common piao ; 
or, in other words, which exhibits characters common to all its coostita- 
euts, and not possessed by those of any other group. 

It is by reason of these singular relations among the forma of liviDg 
beings that what is termed a " natural classification " is possible. lu the 
ordinary business of life, whenever it is necessary to recollect and have 
at command a multiplicity of objects, we "classy" those objects; we 
arrange them in groups or packets distinguished by particular marks 
and having a particular order. Thus it is that the merchant arranges 
bis wares, the librarian his books, the lawyer his papers; and Uie 
naturalist, in like manner, would find it utterly impossible to grapple 
with the details of the two or three hundred thousand distinct forms of 
living beings, which are the object of bis study, unless he could in some 
way classify and arrange them. 

Now the aim of classification may vary. Many persons imagine that 
natural history is the knowledge of the names which have been affixed 
to animals and plants by men of science; aud the wish of such persons 
is to have a classification so contrived as to enable them, with the least 
possible trouble, to ascertain what name has been affixed to an object, 
or, better stilt, to determine that no name has been given to it, when 
they have the satisfaction of baptizing it themselves. These "natural- 
ists,^ necessarily, desire in a classification only a good index and diction- 
ary of the names of animals and plants, and it matters not by what marks 
they designate their groups so loug as those marks are easily discovera- 
ble and readily remembered. Thus, plants might be divided according 
to the number of stamens iu the flower, while auimals might be classed 
according to tiie number of their teeth, the shape and number of their 
legs, &c.; and arrangements of this kind, if skillfully made, might hAve 
no small value and use in helping us to discover what animals and plants 
are, and what arc not kuown, but it is clear they would be purely arbi- 
trarj- ; there would be no necessary relation between the members of the 
various groups beyond the single point iu which they agree ; in other 
wonis, the classification would be "artificial" and not "natural." 

But the low conception of the objects of the science of natural history, 
tmm which such artificial classifications Sowed, has given place to other 
and higher views, and with it all artificial systems have become exploded, 
or relegated to their proper place as mere aids to the memory. The nat- 
uralist of the pre»^nt day, in fact, stands to him of the past in the relation 
of a Niebnhr, a Dallam, ora Guizot, to the gossiping compiler of ^ckronique 
scandaUuse, or, at best, to a Froissart or a Burnett. Without despising 
the importance of a knowledge of the names and habits of living beings, 
he sees bttyond this, and overruling it, a higher and a nobler aim — the 
investigation of the laws of life, of the principles discoverable amid tbe 
multiform structures of liviug beings, and of the relations in which they 
stand to one another and to the surrounding universe. 

For such objects an artificial classification is useless, if Dot olMtnijSlive* 
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Tbe lawH of life can only be obtained by observation of the facts of life 
and generalization front those facta, and the philosophical iiatnralist 
seeks that olasai&oatton which shall best enable him to remember &ct8 * 
and generalizations already won, and shall most efficiently assist him to 
obtain others. 

As Guvier has well expressed it, modern classification endeavors to 
throw the facte of the structure of living beings into the fewest possible ■ 
general propositions. Each living bein^, therefore, lias been compared ) 
with all others, and tho3efh>m which it is not separated by any constant ( 
difference are grouped together as one "species." The different species / 
have next been compared, and those which agree in some one or more ( ; 
cbaracters, while they differ £rom all others in these characters, are } 
arranged iuto a larger group, called a "genus." By a like procedure, I ^. 
geoora have been grouped into "families;" these into "orders," orders 1 
ittto "classes," and classes iuto " subkinguoms," which last are the pri- 1 ,' 
mary aabdivisious of the animal and vegetable "kingdoms" rcsi>eetively. V 

The resemblances and differences upon which the groups are founded, A 1 
being based on a comparison of the whole organization of liviug beings, l'' ' 
are thorough and fundamental, and, as it were, indicated by nature her- 
selt - Hence this mode of classification has been termed "natural," ia 
oontradistiQCtion to those previously referred to, the divisions of wliictL 
are founded on insulated and superficial relations. 

Bat it is obvious that if animals and plaots were not coDStnictedupoii 
common plans, it would be impossible to throw them into groups 
expressive of their greater or less degree of resemblance, such as those 
of the natural classification. In fact, the doctriue of "common plan"^ 
and of "natural classification" are but two ways of expressing the great 
truth, that the more closely we examine into the inner nature of liviilg 
beings, the more clearly do we discern that there is a sort of family 
resemblance among them all, closer between some, more distant between 
others, but still pervading the whole series. 

There is yet another way in which this doctrine has been expressed. 
In every group there is some average form, some form which occupies a , 
BOit of central place, around which the rest seem to arrange themselves; 
and this form may therefore be taken as the representative of the group, 
as the nearest actual embodiment of the common plan. Such a form is 
commonly called the itfpe of the group ; and in this sense an antelope , - . 
might be termed the type of the Rummantia; a dog of the Carnivora, ^ ' 
It is in this sense that the word " type" will be used in these pages ; bat 
it is proper to remark that the term is not uncommonly applied to the 
most characteristic and marked form of a group. In this sense a cat 
rather than a dog would, perhaps, be selected as a tj-pical carnivora 

The phrase " family resemblance" has been used above, aud it, iierhaps, 
exin'esses better than any other the sort of likeness which exists among 
tlie members of a natural group ; specific and generic alliance having the 
same sort of relation as brotherhood and cousiuhood. But it in import- 
aJit to remember that the classification of animals and plants stands on 
iCs own basis, and is entirely independent of physiological cuusidera- 
fcions. For the-purposes of the classifier it is wholly immaterial whether, 
AS some maintain, "species" are immutable and have taken their origin 
independently of one another, directly from the hand of the [Creator; 
or -whether, as others think, they are indefinitely modifiable, and have 
all resulted from the changes indnced by external iuflucnces upon some 
conuntm stock. If all forms of living beings were fossil, aud we knew 
notbing about life, the natural classification of animals and ptaots would 
beo^>*3tly whatitisDow: except as it might beafi^ted by tbo resulting 
34 s 
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deficjenciefl in onr knowledge. At the same time, the inquiry int« tbe 
penoftneDce or modifiability of species is, in itself, of the highest import- 
ance and interest; and it will be necessary to advert t« the bearings of 
the little definite evidence we at present poasesa upon the subject Id 
some of tbe following pages. 

(Hero follows in the original, on pages xix — xsix, a review of the 
sub-kingdoms and classes of animals; bat as there are several diluted 
jwints, and as tbe author himself has since modified his views, tbey are not 
reprodaced.) 

The Protozoa, as a whole, are evidently simpler in stmctnre and less 
variously endowed than the Ccehlenterata f the Ccehlenterata than the 
MoUusca or Annuloaa; and none of the last approach either birds or 
mammals in complexity. 

Again, a lamprey is a simpler animal than a horse, a worm titan a bee. 

These indubitable facts are commonly expressed by tbe phrase that 
the simpler animals are lower and less perfect than the higher, aoil this 
indeed, in one sense, they truly are. Bnt we should greatly err in sap- 
posing that less per/ectwn implies imperfection; or in imagitiiug that the 
less t>firfect animal is in any way nn&tted for the conditions under whiek 
it lives. Were it so, its race would necessarily sooner or later cease to 
exist. If we look closely into the matter, it will be found that by "less 
perfect" and " low in the scale of life," one of two things is meant, dther 
firstly, that tbe creature of which the assertion is made is a less compli- 
cated apparatus; or secondly-, that the parts of which it ia composed 
diflfer from one another comparatively little in form and structure. 

It ia worth while to consider each of these cases more fully. Every 
animal (indeed it might be said every living thing) bOs in the gross the 
same kind of work to do : it has to take in the foo<l necessary for its 
support; it has to change this into other products and to mold them into 
its own iieculiar form. Lastly, it baa to exhibit that kind of reactios 
upon external impressions which is known as " irritability." Absorption, 
metamorpbosiu, and irritability, these are the three great " functions" 
of all animals. 

Now tbe difference between one animal and another, as to the mode 
in which the functaons are performed, is very similar to tbe differeace 
which exists between one human society and another, as to the mode ia 
which the af&iirs of life are carried out. All hnman wants may be 
sammed up in two words : sustenanoe and freedom j but the mode ia 
which men secure the satisfaction of tfaeir wants vanes with the perfec 
tioD of their social state. In savage life every man procures bis own 
food, and relies fur his security from c<HiBtraint upon the streugth of hia 
own arm. But this state of things is manifestly incompatible/with mi; 
great advance, either in those arts which minister to the physical, or in 
tiiose which satisfy tbe moral nature. If a man has to tiud bis food 
every day he will not spend much time in cooking it; and if he is liable 
to be attacked by an enemy at all hours, he is pretty sure never to at- 
tain to much eminence as a painter or a violinist. By the necessity of 
the case, then, where every man has to do everything for himself, noUi- 
ing will be done very well ; no man will be much better than another, 
imd none will be very far above the level of mere animal existence. 

Contrast this acate of things with that which obtaina among tbe 
active members of a highly civilized society, such as onr own. Bacfa 
devotes himself to one occupation, striving to carry out that in the beat 
possible manner; and trusting to others who devote themselves to otbo' 
specialities for the satisfaction of all the rest of his wants. There is a 
" division of labor ;" the wants of mankind are split up, aa it were, into 
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A hnndied BabdmeioDS, and every man charges bimself witb the s&tU- 
foction of one of these subdivisions, hoping that, in exchange, bis own 
ninety-nine wants will be satisfied by others. So that, in one sense, » 
hundred civilized men may be said to be the equivalent of bnt one sav- 
age j whiie, if, on the other hand, we regard the nature of the prodaets 
of civilization, and balance the sunj of the work done on each side, the 
advantage on the side of civilization is infinite. 

It is precisely this division of the physiological* labor, the organism, 
which constitates the first of the two great kinds of difference between 
animals. Some Protozoa have no definite apertnre for the taking in of 
food, DO mnscles, and no limbs. Every part of the body-wall may serve 
in tQm as mouth or locomotive organ, in others there is a month, bnt 
no definite alimentary canal, and the contractile locomotive apparatus 
is limited to one part of the body. In the Cielenterata the mouth and 
digestive cavity are permanently appropriated to that ofQce, though not 
aepEu^te ttom the rest of the cavity of the body. The motor organs are 
stUl more definite and serve as organs of prehension and offense. In 
the MoUtuca the digestive cavity is permanent and completely separated 
from the walls of the body. A blood system is developed to carry the 
nntritive matter to all parts of the body. Another portion of the organ- 
ism is converted into muscle, and can do little but contract ; another 
has nothing to do but to form shell ; another, the nervous system and 
organs of sense, is charged with the sole duty of patting the different 
parts of the or^nism in relation with one another, and with the external 
world. Thus, in the mcAlusk, each part of the organism is charged witii 
A Hpeeial ftinction, and, to the same extent, has become dependent on 
others. The stomach that digests depends on the blood tbr its own 
nourishment. The muscle that enables the animal to seize its prey 
vonld perish withont the aid of the stomach and the blood, and would 
be ineffectnal without the ner\'on8 system which guides it. The mollnsk 
does no more in the long nin than the Amteba; it absorbs food, it modi- 
fies it, and it exhibits irritability, but the manner in which it does all 
these things is infinitely superior, and enables it to display powers of 
which the Ameeba exhibits no trace. 

It is needless to pnrsne the argument fttrther, or it would be easy to 
afaow that the difference Iwtweeu man and the mollusk, as physiological 
m»(;hines, is of the same kind as that between the moliosk and the pro- 
tozodn ; in short, phyawloffical jwrfectioii is in proportion to the division 
of the lalwr of tlie whole organism among organs specially adapted to 
particular offices. 

The other sense in which perfection is attributed to living beings is 
morphological, t The Motlu«ca, as a whole, are more perfect than the 
CalerUerata, because they exhibit a greater number of specialized and 
diversiform parts and organs, quite irrespective of the ilinctions of 
titose parts and organs ; and the vertebrata, in their fundamental char- 
acter, the possession of a true primordial internal skeleton, exhibit a 
greater complexity of structure than any mollusk, or any aunuloae 
animal. 

It of course usually happens that physiological and morphologieal 
complexity go hand in hand, but it should be remembered that the con- 
juDction is not a necessary one. The lowest vertebrate animal, for In- 

■ Phtsioioov. — Tbe science whid) tr«ata of the forora expn«<l by liriog beinga 
iircBpeotive of tb«lr fomu ; excejit ao far m these coDtribate to tbe exertion of tbeaa 

I HoRpnoLOGV. — The scieoce which ticata of the fomu of liviug beiup wit^uifft k^ 
fvd to their fnnctioae. \ o 
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stance, is in some morphological reepecta more complex than the higbest 
raollnsk, bat physiologically it is less so. 

One other oommonly-used phrase, expressive of the relation betveeit 
different kinds of living beings, requires explanation, »8 its employment 
in an erroneoaa sense haa led to grave errors. There is a oorrent im- 
pression that the lower animals correspond with the embryonic condi- 
tions of the higher; that, in the conrse of their development, the lower 
animal advances np to a certain point and then stops, while the higher 
goes on. 

This notion, however, is entirely incorrect; there is no known adntt 
animal which would be regarded by any naturalist as of the same species 
with any early condition of another animal^ if the two were submitted 
to him for comparison. In no stage of their existence wonld a compe- 
tent naturalist regard embryonic reptiles,' or mammals, as flahes; in no 
stage would he take an insect for a worm, or a cattlonsh for any lower 
moUusk. The whole of this idea, the troth of which has been assumed 
ao often in geological speculations, rests npon a misunderstanding of an 
nndoubted fact, namely, that there is a time in the development of each 
when all members of a sub-kingdom resemble one another very closely, 
and that they remain alike for a longer or shorter jwriod according to 
the closeness or remoteness of their affinity. Thus there is a time when 
the embryo of a fish could be hardly distinguished from that of a rep- 
tile, a bird, or a mammal. Bnt the embryo fish sooner becomes unlike 
a mammal than the embryo reptile or bird ; and the embryo quadm- 
pedat mammal remains longer like a human embryo than does that of a 
fish or reptile. 

Thus all animals in their youngest condition have, for a longer or 
shorter time, a similar form, from which each diverges to take its spe- 
cial configuration ; if one may so say, they travel along the same road for 
a shorter or imger distance, and then each goes aside to its own place. 
Bnt this is a very diOtereut matter from any one form being an arre«t 
of development of another. Of two men traveling together along the 
great North road, one may be going to Newcastle aud the other to 
York. Bnt it would be a very insufficient and erroueons description o( 
the journey of the one to say that is was merely that of the other cat 
short. 

3. The next great principle of natural history of Which some definite 
notion must be obtained, is the doctrine of what is called the "distriba- 
tiott^of living beings. It is a matter of familiar experience that ele- 
phants, lions, and rhinoceroses are not at pi-esent indigenous in Orcat 
Britain; and humming birds, crocodiles, and fiying Hsli are as strange 
to us as are the white bear, the ermine, and the mnsk ox. Nevertheless, 
the latter animals are found abundantly in more northern latitadee, 
while the former swarm within the tropics. Were any one to visit the 
countries in which the whita bear and the crocodile respectively aboand, 
he would discover that there was a certain northern limit beyond whicfc 
Ae crocodile was never seen ; and, on the other hand, that the white 
bear never ranges south of a given latitude. In other words, the white 
bear and the crocodile are fonnd within, or are distributed over, certain 
limited spaces of the earth's surface, and lines drawn on a globe so as to 
inclose these spaces, would indicate the "geographical distribution* of 
these animals. 

There are hardly any S]>ecies of animals and plants which are not in 
like manner confined within limited geographical areas, and hence if ve 
were to set out from England, and travel either due south or doe oortlif 
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we ehoald find that a gradual change would take place in the fauna' 
and flora of the couutries traversed, their inhabitantB difTering more and 
more widely from those of this country, the more nearly they approxima- 
ted either the pole or the equator. Sot is this result other than might 
be naturally expected, for we know how oloaely dependent the health and 
streagth of animals and plants are upon the amount of heat, light, and 
moisture to which they are exposed ; and in traveling due north or due 
8oatb,the8e climatal cunditaons necessarily become very greatly altered. 
A corresponding change in the flora and fauna is observed when, in a 
mountainous country, we ascend from the plains to the line of perfiet- 
oal snow; and the animal and vegetable inhabitants of the sea in like 
manner vary in character and abundance at different depths. But these 
cases also seem readily intelligible, for elevation has mnch the same 
effect on climate as northing; and every fathom of increased depth in 
the sea corresponds with a certain diminution in the amount of light 
and a certain alteration in temperature. 

Again there seems to be no difSoulty in uoderstanding why, as we 
flQd to be the case, terrestrial animals and plants differ irom those whose 
existence is spent in the water; nor why, among purely aquatic crea- 
tures, the inhabitants of fresh water are asually widely ditterent from 
those of the sea. The discrepancy in form seems quite in harmony with 
the discrepancy in external circumvtanoes. 

Bat there are some other facts coauecl«d with distdbutioD, the cause 
of jvliich is by no means so obvious. If the traveler, instead of moving 
to the nortli or to the south of this coantry, journeyed east or west, keep- 
iDg as necu'ly as {Ktssible witbiu similar climatal conditions, he would, 
nevertheless, still find that the sncc^sive faunas and floras througli 
which be passed were widely different ; and if a voyager were to cir- 
cumnavigate the globe between the parallels of 40° and C0° S., touch- 
iDg at ports in the contineuts of Africa, Australia, an4 America, the 
diSerences between the indigenous animals of each country would be 
immense, and altogether out of proportion to the changes in climatal 
conditions. 

The globe, then, may be marked out by boaodary lines, some of which 
run northerly and southerly, and others easterly and westerly, into a 
number of districts or " provinces," each of which is characterized by a 
peculiar assemblage of animals and plants. And again, each district 
might be subdivided by lines parallel with the horizon, into zones oi 
depth and of height, in each of which a certain group of this assem- 
blage would flourish. It must be remembered, however, that neither 
ZOD08 nor provinces are capable of a strict limitation, there being always 
a border-land between every two, in which the inbabitantfi of both are 
mixed. 

The phenomena of distribution in depth are particularly worthy of 
atteotion, from their bearing on geology ; for it is obvious that if we 
are enabled to lay down certain rules with regard to the deptli at which 
particular forms live, we shall be able, when we flnd these forms in an 
aacieut sea-bed, to form a judgment as to the depth of that sea-bed, and 
lience, in many cases, to gather valuable indications as to the proximity 
or distance of dry land. Every one who has walked along the sea shcH^ 
is £uniUar with certain forms of life— barnacles, limpets, periwinkles, 

*Tbo term "Fauna" isapplied to the whole of tbe luiimal iDhabitante, "flora" tu the 
-whole of the plants of a tustrict or country. Tbue, the fiiimik of Afriva meana nil the 
ajoioiali fonna in Africa ; tlie Hon of Jndift, the fioin of Kent, meana M tbe plnntA 
fbnad in India and Kent rSBpeotively. In ipeaking IhoB it vill be understood that tba 
" iiidig«nons''iuiiaiaUaiidpWts, or thoM which naturally exi*t in a ooontiy, are aloiM 
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dogwbelks, shore crabe, which cover the rooks betweea high and iov 
water marks. Durinti; c»lm weather he might itnagtiie that these coDsti- 
tilted the chief inhabitants of the sea ; bat should a heavy gale of wind 
set iu landwards, he is bood andeceived, for the waves, teulug ap tlie 
uea bottom at depths greater than those which are ordinarily CKposed 
by the recession of the tide, cast on shore vast nnmbers of new ere* 
tures, sncb as whelks, sandstars, corallines, and great niasses of sea- 
weed, with whole colonies of animals attached to them, which habitu^lf 
remain in the deeper regions. 

Not satisfied with such accidental revelations, modem investigators 
have systematized and extended the explorations of marine depths by 
means of the nse of the "dredge," a simple apparatus, long used by 
oyster flshermea to procure their merchandise, and, of course, equally 
applicable to the dragging up of other inhabitants of the door of the 
aea. 

It results from a long series of such observations that at least five 
zones, each chai-acteriz^ by peculiar forms of animal or vegetable life, 
may be distinguished at difibrent depths. They are, let', the "littoral" 
zone, corresponding with the interval between high and low watermarks; 
2d, the "circnmlittoraF zone, extending from low water mark to the 
lowest limit at which the coral-Uke plant Nullipora is found, a depth, in 
our latitudes, of between fifteen and twenty fathoms; 3d, the "median" 
zone, characterized by the abundance of Polyxoa and Sertviarida which 
it exhibits, and by the preilominance of carnivorous forms among its 
MoUusca; it extends in our seas to aboutflfty fathoms; 4th, the " in&a- 
median," and, Sth, the " abyssal" zones lie beyond this, but can be hardly 
said at present to be well defined. It is iu them that our corals and 
Brachiopoda flourish. Much attention has of late been paid to the 
investigation of the deep sea aoimals and plants, and numerous species 
have been fouM at very great depths. As might have been exx>ected, 
from the greater uniformity of physical condidons at such deptiis, the 
same species have been found at very distant localities, and exhibit a 
wide geographical range in latitude as well as longitude. Another 
I>eculiarity more marked even than could have been anticipated is the 
affinity and even identity of many species with tertiary and cretaoeoas 
forms. 

Tbc extreme limits of vegetable and of animal life are not known. The 
higher Algee, snch as sea weeds and Nttllipora, are, in our own latitudes, 
not found below twenty fathoms; but it is not improbable that tlie 
DialomacecB fiourish at the farthest limits of hfe. 

Both the number of species and the number of individuals of aoimsJs 
diminish at greater depths. A greater profundity than two hundred 
^thorns is not to be reached within a very considerable distance of vay 
part of the British coasts; but in both northern and southern seas living 
animals have been drawn up from more than three hundred fathoms (or 
1,800 feet) below the surface. It is important to remark that the inbab- 
itauts of these and still greater depths, however diminished in number, 
do not appear to become degraded in organization, but consist of Crm»- 
ttKea, Eckinodermata, Gasteropoda, LameUHrranchiata, Polyzoay and jlctt- 
nozoa, of types quite as elevated as those which are found in more sbaUow 
wat«rs, but they are frequently less brilliantly colored than the latter. 
While the laws of distribution, as they have been at present determined, 
therefore, do not enable us to say precisely at what depth living animals 
can no longer exist, nor even to trace the influence of depth in modify- 
ing their forms, they seem, nevertheless, to point to certain assemblages 
as characteristic of certain ranges of depth. For instance, limpets and 
periwinkles appear to he absolutely characteristic of shallow water, being 
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ftmnd bnt a very short iray beyond tide marks. The lower limit of the 
plant Nnllipora, oa the other hand, seema to mark ia all sens the tine of ' 
demtii-cation betweeu moderate depths (ander oae hundred fathoms) and 
great depths. 

We must remember, however, in attempting to apply these generali- 
sations, that as yet distribntioa in depth has hardly been fairly worked 
oat, even in temperate latitades, and that before we cau safely euitnciatd 
laws of geueral application, a vast number of observations must be made 
in both tropical and arctic climates. 

The fact of the apparently capricious limits which have been assigned 
to many animals has been alluded to above. That all animals are 
adapted to the conditions in which they live ia a truism, for if they were 
not so adapted they would not live, but die; but the strange fact is that 
we do not always find animals in those conditions for whidi they are 
adapted. At the present day millions of horses run wild over the Pampas 
of 8onth America, and these great jilains are overspread with a peculiar 
kind of thistle ; there can be no doubt, therefore, that the climatat and 
other conditions of this part of the American continent are eminently fa- 
vorable to both horses and thistles. Nevertheless, at the period of the 
discovery of the Americas, neither the horse nor tlie thistles existed in 
these regions. 

In like manner, eighty years ago, neither horse, nor ox, nor sheep 
grazed the wide pasttures of Australia; now they flourish and run wild 
there. The same is true of I^ew Zealand. The Uttle fresh-water muscle, 
the flreinsena, now so common in our cauals, Laving swarmed over 
the whole coimtrj-, is a recent importation from Eastern Europe. Con- 
ditions most favorable for its existence have existed for ages, and yet it 
only now reaches them artificially. However trite may be the assertion, 
therefore, that animals are fitted for their conditions, the converse propo- 
sition, that conditions imply the existeuce of creatures £tted to flourish 
in them, is manifestly untme. 

Again, the existing distribution of animal life furnishes good grounds 
for exercising the greatest caution in reasoning from the jiopulation of 
one area, however vast, to that of another. A naturalist might be per- 
fectly acquainted with the indigenous animal inhabitants of all Sttuth 
America and Australia, and yet not know that there were such things in 
the world as the elephant, the rhinoceros, the hippopotamus, the giraflfe, 
the lion, the tiger, the horae, the ox, the sheep, or the goat. He might 
be folly acquainted with the population of all tlie enormous area which 
contains Australia and the Pacific Islands, mid yet not only be ignorant 
of tbo animals just mentioned, but might never even have heard of bears, 
cats, monkeys, ruminants, sloths, or anteaters. Finally, the exclusively 
African naturalist might fairly conclude from his own experience that 
great quadrupeds abound everywhere, and that there are no such things 
OS kfing.troos or opossums. 

The commonest facts in distribution, therefore, teach us that it is 
never safe to apply conclusions based npou the investigation of a limited 
area, however large, to the animal inhabitants of the rest of the world. 

There is yet another caution necessary in rcJisoning from the facts of 
distribution. It should be well borne in mind tbat the connection between 
a given form and the conditions in which that form flourishes ia, in the 
great majority of cases, unknown to us. The laws of distribution are 
for the most part purely empirical; they are merely the expression of 
observed facts, of the reason of which we know nothing. If we observe 
species A always in a worm clinrnte and species B always iu a cold oue, 
we may conclude if we And specimens of A and B that the climates in 
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^ which they floDiished were re^Kctivel j warm and cold. The force of 
'the conclusion will depend opOD the extent of our previous observation 
with TefpiTd to A and B. In practice, and within certain limits, such a 
concluRioii is probably valid, but it is a very different matter if the ar- 
miment is put, as it more commonly is, thus: Species A and B are 
round respectively in hot and cold climates ; theretbre species a, which 
is very like A, though not the same, and species b, Which is very like 
B, though distinct, indicate that the climates in which they flonrisfaed 
were res|>ectively warm and cold. 

This Argument, it is obvious, is only valid on the assumption tbatoer- 
tain amount of similarity of form implies similarity of necessary condi- 
tions; and the question immediately arises : How much similarity of 
form implies how much similarity ol'conditiont 

In the present state of science no definite answer can be given to this 
question. It is not understood why some genera are well-nigh imivetsal 
in their distribution, others limited in their area. So comparison of the 
osteology of the arctic fox and of the jackal, of the polar bear and of tbe 
black bear, of the musk ox and of the buffalo, would enable tbe ana- 
tomist to tell which of these species inhabits an arctic, and which a 
warmer chmate. And on the other hand, though the existiag species 
of hippopotamuses, rhinoceroses, and elephants are now exclusively in- 
habitants of warm climates, it is cerbiin that very similar species 
formerly flourished in climates at least as cold as that of England, if not 
much colder. 

Ttint these difficulties beset the enunciation of laws of distrifoation of 
general application, indicates what is tolerably certain on other groands, 
that the existing arrangement of living beings on the surface of the globe 
is a complex result, the product of the interaction of a number of distinct 
causes. It is pretty clear, indeed, from what we know of life, that the 
presence or absence of any particular living being, on any given spot of 
the earth's surface, must depend on these conditions: 

Ist. Tbe mode and place of origin of that kind of living being. 

2d. Its powers of voluntary migration. 

3d. Tbe extent to which it has undergraie involnntary migration in 
coifccqnonce of changes in the distributicm of sea and land, cnrrents, &0. 

4tb. The range of climatal and other conditions under which alone it 
can exist. 

If we bad these data foreacb species, ita distribution would be a matter 
of calculation. But unfortunately they are not yet ascertained for any 
species whatsoever; nor is there, with regard to one or two, that agree- 
ment among men of science as to the probabilities of tiie case wbi<^ 
would bo desirable. 

Thus, respecting the first condition, no one has ever witnessed the 
origin of a species, nor is there any soientiflc evidence as to the mode or 
place of origin of any living thing. 

Aa to tbe hypothetical views, all the possible alternatives have titeir 
advocates. There are those who soppoee that all living beings were 
created at once, in one spot, whence they have subsequently migrated ; 
but persons of sound intellect, acquainted with the facts, usnally attach 
themselves to one of two other views. On the one band, some concei<re 
that all living beings were created as we find them, and where we find 
them ; or that, at any rate, they are the descendants of a stock created 
witbin a distance not greater than can be overcome by the voluntary or 
involuntary migratimi of the species. Those who entertain this view 
QBually suppose that a speeies once created can only be modified to a 
very limited extent. GoOQ Ic 
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Od tSbe other hand, their opponents msintain that there is do evidence 
that speciea were created as wo find them, but that there is reasou to 
believe that all living things are Ike result of the gradual modification 
of one or more primitive forms. 

Passion and the odium tkeologicura are too often allowed to enter into 
the discussion of these views. The triumph of either, except so for as 
it is the triumph of truth, is to the man of science, however, a matter 
of profoand indifference; and in this spirit the arguments on both sidee 
are thu» shortly summed up: 

a. Those who maintain the first view urge that all evidence tends to 
show that, in the ordinary course of things, living beings can only take . 
their origin from pre-existing living beings ; so that, even if the indefi- 
nite modifiability of species were admitted, it would yet be necessary to 
suppose a direct creative interposition in order to account for the fifst 
germ of all ; and if we admit one direct inteqiosition, it is said, there is 
no difficulty in admitting twenty or twenty thousand. To this it is 
replied, tliut, although there may be no greater difiiculty in the one case 
than in the other, yet the assumption of creative acts, being in reality 
nothing more than a grandiloquent way of expressing our ignorance o( 
the real connection of the phenomena, and our incompetence to conceive 
their origination, every reduction in the number of such assumptions is 
a clear gain to science. 

It is furthermore arged that the direct creation of a species is an 
occurreuce which not only has no scientific evidence in its favor, but is, 
in the nature of things, incapable of being supported by such evidence. 
For, snppose that in a glass of water, perfectly free from a trace of organic 
matter, a new species of fish were suddenly to make its appearance 
before the eyes of half a dozen naturalists, not one of them would believe, 
or would be justified in believing, that this was a direct creation oat of 
nothing. Ptiilosophically it would be illogical, and religiously it would 
be mere superstition to believe that which is in direct contradiction to 
our universal experience of the modes of action of the Creator. 

b. It is affirmed that, in some cases, animals and plants of the same 
species inhabit snch completely separated regions that their origin, 
except by independent creation, within their present area is ineonceiv- 
abte. One of the strongest cases of this kind is that aflbrded by a 
marine crustacean, sometimes seen in our fish markets, the Norway 
lobster, (Nephrops norvegicut,) This animal is Ibund on the shores of 
Iforway and of the northern parts of the British islands, but not on onr 
southern shores, nor on the Atlantic coast of France, Spain, or Porto- 
gal ; it reappears, however, at Kice in the Mediterranean, and abonnds 
in the Adriatic abont Venice. 

There appears to be no doubt that the northern and the southern 
forms are specifically identical, and it is naturally asked, how could 
these isolated detachments of oue species have migrated to such widely- 
separated points without leaving some colonies on the only road which 
is open to them^ viz., the western shores of Europe I And if their 
present distribution is not to be accounted for by migration, how is it 
expUcable, except by supposing that the stock of each detachment was 
created where we find iti 

Were the limits of the laud and sea fixed and unchangeable, were 
there no snch things as geological change, the problem might seem to 
be insoluble. But the instability of the land ^d, tlie consequent inees- 
sant alteration of dry land and deep sea at tbe very same points of the 
earth's surface, are tiie first lessons of the student of geology. This 
being the case, however, the argument at once loses its force; for if bjr 
tbe submergence of Central Europe the Mediterranean and the North 
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Seas ever commanicated, the Ifephropa would readily have spread from 
Korway to tbe Adriatic, or vice versa ; aod whea Uie ceotnd mass of 
Europe rose again, the area of its dislribation would be cut in two, and 
the northern and southern fragments only left, 

That this is the explanation of the apparent anomaly would be proved 
if Nephrops norvegious were found fossil in any of the strata constitating 
tlie present land of Central Earope. So long as this is not the case it 
can only be regarded as hypothesis more probable than that of special 
creation at two points, and hence exclading the uecessity of adopting 
the latter.* 

Many cases of distribution which have been supposed to be similar 
to that of Nephrops, and adduced as such by the advocates of many 
centers of creation, have been shown to be not really of the same nature, 
the widely separated forms uot being in reality of identical species. 

c The great question, however, upon which the two schools of natu- 
raUsts divide is: Are s{>ecies permauoDtl Id other words, is it possible 
that auy conditions operating through any amount of time upon any 
number of generations of a species A, shall give rise to a distinct spe- 
cies Bf 

In this, as in all other instances where thinking men entertain flatiy 
contradictory opinions, the difficulty of coming to a mutual understand- 
ing appears to arise in a great measure th>m the want of a clear appre- 
hension of one another's meaning. In the present cose it is probable 
that no two persons attach precisely the same signification to the word 



Most naturalists admit, indeed, that species have a distinct physiolo- 
gical character, viz: that the intermistore of two species will not pro- 
duce a fertile race, even if it gives rise to any progeny at all ; but, un- 
fortunately, this test is, from the nature of tbe case, practically inappli- 
cable, not only to the great mt^ority of living auimfds and plants, but 
to all fossils. 

In practice, therefore, the naturalist is obliged to neglect the physio- 
logical characters of a species, and to confine himself entirely to those 
which can be founded on form and structure. In this sense a species 
is tbe smallest group to which distinctive and invariable chai-acters caa 
be assigned. 

If, to use a seemingly paradoxical expression, all living beings were 
extinct — if they w^^e represented by a limited number of fossils, and 
lay before us as things to bo arranged and classified, tbe pnictical appli- 
cation of this definition of species would have no difficulty. Sooner or 
later the whole organic world would be sorted out into the smallest 
parcels which could be characterized by a definition, and these would 
be " species." 

It is obvious that the task would be equally easy were all living 
beings absolutely immutable ; if every member of a species were exactly 
like its fellows, and if all progeny precisely resembled its parentage. 

If every dog, for example, were precisely like every other dog, and 
every puppy exactly similar to its parents, there could be no difficulty 
about defining the species dog, nor could there be any hesitation in 
deciding whetlier a given animal belonged to the species dog or tlie 
species wolf. 

Unfortunately for scientific ease, no such immutable forms exist in 
nature. Like everything else in the world, a living being is a oompro- 

* SpeciM of the gmm Nmhropt hare, carioiuly enouEh, heea found foasil in Central 
iVanoe (depactmont of tbe Yaane) at a point about haff way between the northern aod 
trea of ^. HDrBWloit*. i vi 
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mise, a resnItaDt of all the forces wbich act upon it; and tfaongb, like 
a platiet, it tends mth an immense force to move in a course of it6 own, 
yet, like that planet, it is affected and perturbed more or leas by all aor- 
roundiog conditiouB. 

Hetico, inasmuch as no two living beings can ever possibly bave been 
subjected to precisely the same conditions, it is not wondei-fdl that no 
two e^'cr were, or over will be, precisely alike ; uor is it strange that 
species vary iu proportion to the variety of the conditiouB to which they 
are exposed. 

It is needless to do more than refer to facts which lie within every 
one's experience. No person is unawnre of the difference in the result 
prodnced when two seeds from the same plant, or two animals from the 
same brood, are exposed to widely different conditions in respect of light, 
warmth, and nourishment. 

In all such cases, however, the modification is limited in amount, and 
no modification of conditions will so mask the characters of the species 
as to prevent their recognition in either the stanted or the overgrown 
iudividual. For every individual, therefijre, it can hardly be doubted 
that specific characters are permanent and immutable. Do what you 
will with a sheep-dog poppy, you will not turn him into a wolf. 

It is obvious, therefore, that thus far the inflaence of conditions can 
be shown to bave no appreciable effect in permanently modifying spe- 
cies; for, if the ofi^pring of the modified individual were in all respects 
like it^ parent before the modification of the latter, it is clear that the 
whole influence of the modifying conditions would only bring it to the 
same point as the parent ; that the modification in any number of gene- 
rations would go no further ; and that when the influence of these con- 
ditions was removed, the species would at once return to its primitive 
and typical form. Thus, suppose a pair of sheep-dog puppies could be 
converted into greyhounds by a peculiar course of food and training; 
for anything which has been yet stated they would produce puppies 
which would only become greyhounds under a like course, aud if left 
to themselves, would resume their pare and tmchanged sheep-dog char- 
acter. 

Now, in nature this is not the case, by reason of the great fact of 
hereditary transmission. Every living being is, it has been said above, 
the resultant of at) the forces which act upon it; tbe statement Is in- 
complete unless we add : and which hare acted upon its parent? 

The forces iu question are divisible into two classes: the one more 
powerful, intrinsic, impressed upon the germ, and causing that germ 
invariably to tend toward the production of a given form ; tbe other 
weaker, extrinsic, consisting of all those assisting, modifying, or even 
destructive influences which reside in the surrounding nuiverae, and 
which are called external conditions. 

For every individual living thing, this distinction into intrinsic and 
extrinsic forces is absolute; but the law of hereditary transmission 
obliges us to admit that it may not be so for a series of generations. 
For hereditary transmission means simply, that a modification under- 
gone by a parent more or less affects its offspring — the offspring tending 
to reproduce that modification. Thus in the imaginary iustauco given 
above, the offspring of the modified sheep-dog, even if placed iu entirely 
indifterent conditions, would have a tendeucyto assume greyhound char- 
acters. Tbe intrinsic force of that germ, its tendencies, would be thus 
far moilifled by the influence exerted by external conditions ou its parent. 
The operation of an extrinsic force ou one generation m^y become ia the ' 
next an intrinsic force. i,sdt OoOqIc 
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Bat it is obvious' that if ODce the influence of hereditary transmissioB 
in inodif^\-ing the tendeuciea of the germ (and no one denies it) be ad- 
mitteil, it isverydifflculttosay where the modification of a given species 
shall stop. 

Here, therefore, is the battle ground of those who admit and those 
who deny the indefinite modiflability of species. On the one aide are 
addaced the two indnbitable f^ts, firstly, that certain unquestionable 
modifications of one and the same species, snch as the dog, are, as 
Cuvier says, more different than any wild species of the same natural 
genns ; secondly, that the admission of indefinite modiflability reduces 
the production of species to the ordinary course of nature, and accounts 
equally well for all the phenomena with any other hypothesis. 

On the other side are the equally unquestionable truths that specific 
characters arc retained under even extreme modifying infiuencea with 
great tenacity, and that artificially produced modifications tend, if left 
to themselves, to return, more or less nearly, t« their primitive specific 
character. It may be doubted, however, if these propositions are really 
inconsistent with the doctrine of indefinite modiflability. 

At present the evidence before the naturalist can hardly justify him 
In declaring his absolute adhesion to either view, but according as he 
inclines one way or the other, so will it be probable that his views as to 
the limits of species will vary. He who leans to the hypothesis of indefi- 
nite mo<1i&abiUty will tend to neglect, and he who inclines to that of 
the fixity of species will tend to exaggerate, minute differences. As the 
ease now stands, those who wish tx> adhere to the golden mean must pat 
their trust in common sense, a perception of the needs of science, azid 
that sort of tact which can be gained only by incessant practical work- 
ing at species.* 

4, So mneli for those laws of uatural history which help us to under- 
stand what the various forms of living beiugs are, and how they vary. 
The next most important question is, do animals and plants, as they die, 
perish and leave no trace behind, or what becomes of them 1 

The answer to this question must be different according to the par- 
ticular kind of animal or plant to which reference is made. The fungus, 
which springs up in a night, dies, decays, and is swept away as rapidly ; 
and the soft marine jelly-flah or worm may leave no more permaaeDt 
traces of its existence. Carnivorous and herbivorous animals, again, 
destroy and efi'ace all recognizable signs of the existence of multitudes 
even of those living Iwings which are, physically and chemically, better 
qualified to endure. Again, though it be a fact that the great majority 
of both animals and plants are provided with parts sufficiently hard and 
indestnietible to resist the ordinary causes of decay for a very consider- 
able time, nevertheless exposure to damp and change of temperature in 
the case of the remains of land animals, and the iucessant wear and tear 
of watery action among aqnatic creatures, would sooner or later destroy, 
or so deftice as to render unrecognizable, the trunks of the hardest 
wooded trees and the most solid bones nnd shells ; and this would take 
place in a space of time which, however long to us, is a very brief period, 
geologically speaking, were it not for the very simple but efficient 
preservative agencies which are brought into play by the very same 



The hard parts of terrestrial animals and the remains of land plants 
are, indeed, to a great extent destroyed by their exposure to the condi- 

*It Bhonld be noted that the«e po)^ wi 
DarwlD'a book on the "Origin of Specie*," i 
bioloKtcnl specnlatioQ. 
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tlons ennmerated above; bat it occasionally happens that accidental 
doocts sweep them away into low grounds, hollows, or caves, where tlioy 
rest and become covereil up with the fine mud deposited as tho waters 
snbside ; or hviug aniiniils mity be swallowed np in peat-utossos and in 
swamps: or their remains may he exposed to the action of springs 
highly charged with calcareous matter, and thus become coated with 
carbonate of lime ; or the wind may envelop them in drift sand ; and in 
all these instances they will be more or less effectually protected from 
further change. 

The imbe<ldiDg and preservation of the cxnvia of those marine ani- 
mals and plants which are not destroyed by the carnivorous and herb- 
ivorous races, on tho other hand, is hardly a matter of chance, but must 
always inevitably tahe place. The sea is iucessantly wearing away the 
shores against which it beats, and the shallow grounds over which its 
carrents and tides race, nndermining and cutting them away, and grind- 
ing the fragments down by their mutual friction into boulders, shingles, 
pebbles, sand, and mud. It then carries away the finer materials, and 
spreads them over the deeper and quieter portions of its bed, where 
they are arranged in successive layers, which gnulually rise into banks 
of mud and sand. Brooks and streams, constantly bringing down sim- 
itar materials from the higher grounds inland, add to these deposits, or 
form similar ones peculiar to themselves, thus giving rise to the " deltas" 
and the "bars" found at the mouths of most rivers. In all the 
quieter and not too deep parts of the sea bed, therefore, it is as if a con- 
stant though very slow rain of fine earthly particles were going on, and 
consequently every dead shell, every undestroyed bone, which is left on 
the bottom, is sooner or later covered np ami protected from further 
destruction. Jnst as the showers of tine ashes which fell fn)ni Vesuvius 
seventeen centuries ago so covered up rfnd protected the remains of 
Herculnoeum and Pompeii, that even now the smallest relics of Roman 
diiily life are preserved for our inspection, so may the muddy deposit 
now taking place over a large extent of the present sea bottom pre-serve, 
for the inspection of future generations, the remains of the creatures at 
present living and dying there. 

For the sake of clearness it has been provisionally assumed that, in 
all these instances, the organic bodies have been preserved by being 
enveloped in masses of inorganic matter ; that the mud which forms the 
bottom of seas and rivers is, in all cases, pulverized rock brought from 
other localities. It is very rare, however, to And mud purely of this 
char!tct«r, and there are some remarkable accumulations at present 
taking place, of which every particle is derived from organisms which 
have once lived, the ai)parent mud, in which the large organisms are 
imbedded, being nothing but a mass of shells of minuter forms inter- 
mingled with fragments of larger ones. 

5. Most important consequences flow fh>m a recognition of the fact 
tbat the modes of preservation of the remains of animals and plants 
last described far outweigh every other in importance and extent. This 
may be made more clear by again using the instance of Pompeii and 
Herculaneum as an illustration. Suppose that long after these cities 
^ere buried others had been built over them by some of the many bar- 
barian invaders of Italy, during the decline of the empire, and that 
after a while Vesuvius had entombed these under another shower of 
ashes ; and that these had, after a few hundred years of existence, aa- 
dergone a like fate, so'that the whole of this part of Italy was buried 
under volcanic accumulations, on the surface of which flourished tho 
villages and vineyards of a race ignorant of the existence of a previous 
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coudltioQ of thinga. And now snppose a well to be snnk, or an excava- 
tion made for some purpose or other, down to tbe original foiindatioii 
of Pompeii ; tbe digger would pass through three layers of volcanic 
aeeum Illations, separating the foundations of as many citiea, diflTering 
in the style of their arcliitecture, in their scolpture, their paiutingB, and 
their utensils, and clearly showing that they belonged to three separate 
uations. It would be quite clear, again, to the excavator, that t he high- 
est city must be the latest and last built, the lowest the earliest ; and he 
could arrive at no other conclusion than that three several races bad 
flourished and perished, one after another, pn this very spot io ancient 
times. For how great a space of time each race had remained, and 
what was the absolute antiquity of any one, or of the whole, he wonld 
be unable to say ; but their relative antiquity — the chronology of the 
series, would be plainly indicated by the order of their superposition. 

Exactly the same reasoning is applicable to the beds of mud and 
Band which are now accumulating and gradually hardening into rock at 
the bottom of our present seas. Those layers which are at present being 
deposited, necessarily lie above those which were formed in the same 
locality a year ago ; and these, above those of the preceding year ; 
while, on the other hand, they will be covered up by deposits of future 
years. Therefore, it follows, that if ever the present sea beds are up- 
heaved, so that their composition may be examined, the futtu^ observer 
will find the beds containing the remains of marine animals and plants 
superimposed upon one another, in precisely the same order as they ar© 
now being formed, the oldest at the bottom, the youngest at the top; he 
will be furnished by their order of superposition with an accurate Tela- 
h'Tie chronology of the changes which are now taking place ; but withont 
the introduction of other considerations, he will, of course, be unable 
to assign the absolute period at which any bed was deposited, or the 
time occupied in the formation of the whole. 

The antiquarian called upon to estimate the probable absolute age of 
the oldest of the cities in the imaginary case stated above, would be 
guided by what he knew of the time required to build cities ; by his- 
torical evidence as to the conditions under which uations replace and 
extirpate one another j and by physical considerations based upon a 
knowledge of the mode and rate of the formation of volcanic accumala- 
tions of a given thickness ; but even then, he would, probably, prefer to 
state the minimum rather than the maximum' antiquity. And eo the 
fiiture naturalist, should be have no other light than the strata now 
forming themselves afford, can only be guided, in Lis estimate of their 
antiquity and of the period occupied in their formation, by Ms knowl- 
edge of the average duration of animal life, and of tbe rate at which 
sediment of a given thickness can be deposited. He may as well as- 
sume the remains before his eyes to be accidental " sports of nature** 
at once, as speculate upon any other foundation. 

Just as our only means of comprehending tbe civil history of tlie 
past is to apply to ancient times those principles which a careful stndj 
of the actions and motives of oar contemporaries leads us to believe are 
of universal application to mankind, so, in endeavoring to interpret 
tbe monuments of the ancient world of geology, we must be guided by 
what we know of the present creation ; and thus having learned whs^ 
Ijving creatures now exist, how they are constructed, and how their re- 
mains are becoming imbedded in the rocks now forming, we are ready 
to enter upon tbe inquiry- as to what forms of Ufe animated the ancient 
worlds, how they were constructed, and how their remains have been 
banded down from those remote ages. 

Digitized by COOgle 
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6. There are yet one or two collateral pmnts which require discDgsion. 
Supposing tliBt the present bed of the ooean were upheaved and be- 
camo exposed to view, so that we coald esamiae the or^^nic conteuta of 
all the strata of mad and sand which have accumulated and hardened 
into stone for the ladt four or five thousand years, ought we to expect to 
find, at any one spot, a complete and uubroken series of the renuiina of 
all the creatures that have ever lived there f Assuredly uot. In the 
first place, it has already been explained that there are many animals 
entirely devoid of parts suCBciently hard to be preservable, and of theui 
every trace would have disappeared. It is important to remark that a 
naturalist who should have become ac<]uainted with the present animal 
creation only in this way, would be ignorant of the existence of many 
guiera and families, of some orders, and even of one or two eutire 
Masses; but no sub-klogdom would be without abundant repre-seuta- 
tives, and, therefore, he would be perfectly acquainted with all tlie great 
types of organization at present existing. There would necessarily be 
defects in his knowledge, but these defects would by no means interfere 
with his obtaining a v«ry clear and jnst, though not complete, idea of 
the present state of things. 

But there are other and more formidable sources of imperfection in 
oor palueontological knowledge. Mot only does the very nature of some 
animals present an insuperable bar to the preservation of a complete 
record of organic life in the rocks contemporaneously formed, but it is, 
to say the least, excessively improbable that a complete series of even 
those organic bodies which are preservable Should be found at any one 
spot. For modem research teaches that the level of the landJs con- 
stantly changing ; slowly but surely, some countries are rising, while 
others are becoming depressed ; and there is good evidence that, in some 
parts of the world, several alternative movements of elevation and de- 
pression have taken place within a comparatively modem }>ertod. Now, 
whenever the bottom of the sea becomes dry land, or the dry land sinks 
to the bottom of the sea, there must obviously be an interruption in the 
series of living inhabitants, aquatic forms replacing terrestrial, or rUx 
versa. Thus, should the sea bottom be raised into dry land, and then 
depressed again so as to be covered with fresh deposits, the whole mass, 
when subsequently elevated and exposed t4> view, will exhibit a break 
in the series of marine organic remains, corresponding in magnitude 
and importance with the interval during which the sea bed remained in 
the condition of dry land. It is probable that there is not a single spot 
on tlie earth's surface which has not been thus subjected tn many altera- 
tions of elevatiihi and depression, and, hence, we may safely infer that 
BO single series of superimposed strata can contain a complete series of 
even Uiose forms of past lile which have flourished in that one region. 

Bat, if this be true of those marine animals whose chances of preser- 
vation are greatest, whose hard parts contain so little animal matter as 
to be not worth attack on the port of predacious organisms, which are 
Bofficiently dense to resist the destructive agencies to which they must 
almost necessarily be exposed before they are protected by sediment, 
and whose locomotive powers are insaffitaent to enable them to escape 
by migration the immiuent fate threatened by changes of level, how 
much more fortuitous must be the preservation of those remains which, 
like the bones of the marine Vertei>rata, contain much animal matter, 
and ore comparatively soft, or which belong to entirely terrestrial crea- 
tures. And, in &ct, it is among the rarest of occurrences to find the 
bones of a dead wild qnadmped, or bird ; or to dredge up from the sea 
bottom a relic of a fish or of a porpoise, abundant as these animals are 
in our seas. 



384 remoiPLES and methods of palabohtologt. 

We tarn to the examiuatioD of the collection of fossil remains, then, 
bearing this trnth clearly in our minde, that at best it contains only an 
imperfect record of the past ; tliat it is a history, somo of whose leaves 
are certainly torn ont — we know not how many or how few — tboogU, 
judging by the present condition of things, wesonhise that their teach- 
ings woatd not contradict any duly limited deduction ixom the iiiforma- 
tioii we derive from other sources. 



1. An important question meetfi na <hi the threshold, as it met those 
who first directed their attention to fossils: How do we know that these 
curiously-formed bodies, often to all appearance of one substance with 
the rock in which they are imbedded, really are the remains of creatures 
which have lived 1 How do we know that they are not what the anciuits 
snpposed them to be, Ivmis naturce, sports and freaks of inorganic nature, 
produced in blind imitation of living bodies, just as the hoarfrost on the 
window panes simnlates the foliage of a tree 1 

We know that fossils are the remains of animals and plants by pre- 
cisely the same commou-seuse reasoning as that which led Bobinson 
Crusoe, seeing the impression of a human foot on the sand, to conolnde 
that a man had been there. The foot mark might by possibility have 
been an accident, a lusui natvrte, bnt pending the proof that it was ao 
the precautions of the shipwrecked mariner exhibited the soundness of 
his judgment. We cannot experimentally [Ht>ve that fossils are truly the 
remains of dead animals and plants any more than we can experimentally 
demonstrate that the utensils recently brought home from the arctic re- 
gionsreally belonged to thecrewof the " Erebus" and "Terror;" but all the 
iacta, the condition in which the things were found, the marks upon t^eaa, 
agree with this hypothesis, and none oppose it. On like grounds, our be- 
lief that fossils are the remains of l>eings which once lived has acquired 
firm hold and remains unshaken; the conditions under which they ace 
found, and all their marks, agree with the hypothesis; while increasing 
knowledge, so far from shaking, is incessantly, and in very wonderAil 
ways, strengthening the foundations of this as of every truth. 

2. The extent to which it enables us to reason to-tbe unknown is copin- 
monly, and in a great measure justly, regarded as one of the best tests of 
the truth or falsehood of a scientific theory, and none has evermore bril- 
liantly stood the application of this test than that now referred to. For 
if fossils really are the remains of lUing beings we may reasonably ex- 
pect, in the absence of evidence to the contrary, ttiat the animals and 
plants of which they are the exuvia came under the operation of the same 
great law of the invariable correlation of organic peculiarities, which has 
been shown above to be manifested in the present creation, and it migkt 
be fairly anticipated that the same logical process which enables us to 
reason from the structure of the hair of arecent animal to its wbole frame, 
or from the peculiarities of the wood of an existing plant to its fruit, and 
the minor partionlars of its embryology would be equally available wheo 
applied to the extinct inhabitants of the world. 

The magnificent researches of Ouvier first practically demonstrated 
the justice of these surmises, and showed that the laws of ccKreiatloa ef 
parts deduced from the observation of living animals hold good to a won- 
derfal extent among the extinct forms; so that to one as thoroughly 
acquainted as lie was with thedetaila of animal organization, an isolated 
fragment of a fossil bcHie, or an odd tooth, was, frequently, auffioitnit to 
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indicate tbe general affinities of the aaimal to vbich it belonged ; and to 
justify him in making those wonderfa] predictions of what would bo the 
natnre of its other parts, which were so often to be verified in the course 
of fntnre investigations. 

One of the most remarkable examples of such snccessful prediction is 
that which Cnvler himself mentions aa "a very singular monnment of 
the foree of zoological laws, and of the use which maybe made of them," 
From the famous gj-psum qnarriea which furuishe<l so many occasions 
for the display of hi^ genius and knowledge a block was brought con- 
taining the imperfect remains of the slicleton of a small animal; the 
shnpe of the lower jaw and the characters of the teeth were such as are 
alone known to exist in the order of marsupial animals, of which the 
opossum and the kangaroo are the most familiar examples. But all 
known Marxnpialia possess two remarkable appendages to the " pelvis" 
or bony girdle of the hips, which are termed the " marsupial bones," be- 
cause they are connected with the poneh in the female. Here was a law 
of invariable correlation of anatomical peculiarities (liertaiu teeth and 
certain forms of jaw being always associated with the presence of these 
bones) of universal application to living animals; would the law hold 
good for the fossil f Cuvier was so confident that it would, that he in- 
vited some triends to witness the picking away of the stone from the 
region where he believed the marsupial bones wonld be found, and the 
result verified his expectation, for the bones were discovered just in that 
very sitnation. 

3. It will be easily understood, howeverj that the whole of this traia 
of reasoning is only valid on the assumption that a certain uniformity 
'has prevailed in organic nature; that the structures which we find in- 
variably associated now were invariably associated iu earlier times; that, 
in short, the great laws which are expressed by our conceptions of com- 
mon plans have always remained the same. We know of no reason, save 
the invariable occurrence of the co-esistenoe, why a peculiar form of jaw 
should always be accompanied by the existence of marsupial bones; and 
jnst as certain animals now exist in which the marsupial bones are 
presen^ while the peculiar stntetare of jaw is absent, so it is quite within 
the limits of possibility that, at an earlier period of the earth's history, 
animals might have existed possessing the peculiar jaw, but deprived of 
the marsupial bones. Of course, m this ease Cuvier's reasoning would 
not have been conelnsive, and hispropheoymightnothave been verified. 
In point of fact it would not be safe in all cases to regard the laws of 
invariable anatomical correlation, deduced from the observation of the 
existing animal world, as applicable, without reservation, to the members 
of extinct faunas. No generalization from the structure of existing ani- 
mals could be better established than that biconcave vertebne are found, 
throughout the spinal column, only in fishes and perennibranchiate 
amphibia, or hollow bones of a certain form are characteristic of birds, 
and yet we should be led into most erroneous conclusions by reasoning 
without hesitation from these data, to the stntcture and affinities of the 
animals to which certain vertebne and certain bird-like bones found in 
the mesozoic strata belong. In fact, while experience shows, with a con- 
stantly increasing weight of proof, that the great laws of the construction 
of animals have been identical throughont all recorded time, and while, 
therefore, when we possess any clear indication that a fossil animal 
belongs to any one of the great groups, we may safely pretUct that it 
will exhibit all the other charaoteriatic peonliarities of that group; we 
mast be oarefbl to remember that in many of the smaller groups combi* 
nations of organio peooliaritiea have existed of a veiy different natan 
25fl 
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from those which now obtain : and we mast, therefore, be content to 
regard many of the eatabli^ed generalizations as only approximatively 
correct. 

As a general rale, however, it is very true that the mpre we learn of 
the world of fossils, the more clearly does the conviction force itself 
upon our minds, that iVom the earliest times of which we possess a rec- 
ord to the present, no change has taken place in the general scheme of 
the organic world. There are perhaps 15,000 established species of 
extinct animals, but among them there is not one whose plan of ooo- 
Btruction differs so far from any now known, as to require the estab- 
lishment of even a new class for its reception. Differeut naturalists will 
estimate the number of classes of animals now living varionaly ; bnt 
they may be safely assumed to be at least flveand-twenty distinct mod- 
ifications of the five great primitive common plans ; and yet so com- 
paratively slight has been the change since the earliest times, that the 
whole extinct world will not snpply us with a six-and-twentieth modid- 
eation. If we descend to the next smaller divisions, to the orders, the 
same fact becomes apparent ; at the very lowest estimate there are 
not fewer than between a hundred and thirty and a hundred and forty 
orders of animals, and out of these, at the most, not more than fourteen 
or fifteen are represented only by extinct forms ; that is-to say, in the 
whole range of geological series not more than ten or twelve per cent. 
ot> ordinal types, different from those which now exist, having come into 
being.^ 

4. The history told by the records of the organic world is in perfect 
harmony with that which is written on the face of inorganic natnre. 
The thickness of the crust of the earth, down to the greatest depths to 
which man has been enabled to penetrate, is to agreat extent composed 
of strata of rock, the physical and chemical peculiarities of which 
evince their identity with the products of the present operations of 
nature. Beds of conglomerate containing round pebbles demonstrate 
that the sea beat against and broke up its rocky boundaries then as 
now, ronnding and polishing the iragmeots by incessant friction as it 
wears them on any modem shingle beach ; fine-grained limestones and 
sandstones show that, then as now, the finer products of their attritioa 
were carried away and deposited, in the form of beds of mnd, upon tbe 
deeper and quieter parts of the sea bottom. Vast and freqaent inter- 
niptions in the regular series of bed prove that, in ancient times as at 
present, the solid crust oscillated, so that what was dry land became 
covered by the sea, and what was sea bottom remained for long ages 
dry land. And, finally, in like manner as we know that, within the 
period of which man is cognizant, all these changes have gone on in an 
excessively slow and gradual manner, rapid and convulsive action bein^ 
altogether exceptional, so we have the clearest proof that the time repre- 
sented by the vast succession of ancient strata is enormous and almost 
inconceivable, and that gradual and regular change was, then as now^ 
the rule, catastrophe and convulsion the exception. Nevertheless, aa 
in the ancient organic world we havefoand that there is a certain amount 
of departure from what might be called the by-laws of the present cre- 
ation, so it is quite possible that, in the physical world of past times^ 
changes may have now and then taken place with a rapidity and s 
violence to which the minute experience of man affords no parallel An 
leMhyosaurua is, in one sense, a sort of animal catastrophe, and as we 
are all well assured of the occarrence of this one wide deviation from 
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existing mnoifeatationa of the vital forces, so we most not be too sore 
Hiat corresponding departiHes from the osnal order of the physical 
world have not occnrred in past times. 

The same analogies which demand this caation^ however, Ailly jnstiiy 
ne in concluding that throughout all geological time the great pfiyBical 
forces have obeyed similar laws. The gravitation of matter, its hard- 
aess, the effects of heat and of chemical affinity npon it, have been the 
same, we have every reason to believe, from the Cambrian age to the 
present, and, as a eonseqoence, it cannot be doubted that the vital 
actions of the trilobites were governed by the same physiological laws 
as those by which we now live and move and have onr being. For, 
leaving the phenomena of consciousness out of the qaestion, physiblogy 
is but an application of physics and chemistry. 

5. NoWijast as the restorations of the palaeontologist imply his confi- 
dence in the uniformity of the great laws of morphology throiighoat all 
time, so the chronology of geology, the basis of the whole science, resta 
upon a like assumption with regard tq the general uniformity of the 
laws of physics and chemistry. It wonld be ridicnlons to argoe from 
the snperpoBitioD of ancient beds, onless we assumed that their con- 
stituent particles gravitated in the same way then as now ; the identity 
of mineral character of two beds could prove nothing, without the as- 
sumption that the laws governing chemical changes have always been 
the same J and, in like manner, we can reason on the general habits of 
ancient li^-ing beings only on the assumption that the great laws of 
physiology were the same then as now. No half measures wiH avail : 
we must be prepared eitherto assume the general uniformity of ancient 
and modem action, or we must give up ttie problem, for no other by* 
pothesis affords the least criterion of truth, or the slightest check upon 
the play of the imagination. But if we may argue from like eff'ects to 
like causes, then geological chronology is as much a matter of science, 
and capable of being tested as thoroughly, as any other case of succes- 
BiOD. 

The u-gumente on which these chronological considerations are 
fbanded are simple and intelligible enough. It has been already proved 
that, in the present state of things, the lowest of any series of beds which 
have been deposited from water is of necessity iMe oldest. If, then, 
the great majority of the ancient strata have also been deposited from 
water, if they are nothing but the hardened muddy beds of ancient seaa 
and lakes, (a fact of which there is abundant evidence,) then the same 
law necessarily applies to them — the lowest stmtuih is the oldest, and 
the supeijacent beds have all been deposited during a subsequent period. 
The argument applies with equal force to the whole crust of the earth, 
and if we could tell how much time was required for the formation of 
each bed, we sbonld, by adding all the i>eriods together, arrive at the 
emallest possible interval which can have elapsed since the deposition 
of the oldest bed. We have no data aufflcieut to enable us to say, with 
any approximation to accuracy, how long it takes to deposit aufflcieut 
mud or sand to form, when hardened, a layer of rock two feet thick: 
bat we are quite safe in saying that neither lake nor sea ever deposited 
that amount upon its bed iu the course of a year.* Now the total 
meaanred thickuess of ancient strata, deposited either from fresh or 
salt water, is not less than 60,000 feet, (or about twelve mites,) so that, 

' Exeeptional depoeits, oa, for instoDce, by eortbqaake floods, are here left ont of 
eoDBideMtioD, aa Ibey caa bnve had but little inflneDce on tbe sum total of the oqueooa 
foramtions. Tlie total tbickneas of the latter bere aaaomed is midway between th» 
••timotM of Profeaaor Pliillipe and Sir C. LyoU. 



OOO PBINCIPLE8 AHD METHODS OF PAUEOItTOLOGT. 

even assamtng them to have heest deposited, without intermptioQ, at a 
rate faster than auy eea or lake deposits piad now-a-days, we should 
still require a period six times as long as that of which any human 
record exists, for their formation. But, in truth^ when we take into 
account the probably immensely greater time required for the formation 
of two feet of sedimentary deposit, the vast amount of rock which has 
been formed and subsequently swept away by denudation, so that it is 
not reckoned in estimating this total thickness of the strata, and the 
possibility that masses of strata, which will require interpolation in the 
general series, lie hidden from our view in parts of tlie world which 
nave not yet been examined, or under the present bed of the sea, the 
most sober calculator wiU hardly veuture to limit the factor by which 
even a period of thirty thousand years should be multiplied to give the 
whole period recorded by the monuments of geology. 

The conclusions here drawn from the facts of physical geology axe in • 
perfect unison with the chronological indications afforded by fossils. 
Beds many feet in thickness, composed of the remains of marine ani- 
mals, their shells unbroken and undisturbed, and sometimes covered 
with parasitic growths, (just like recent dead shells which remain long 
oudisturbed at the bottom of the ocean,) are constantly met with. Here 
and there are thick strata, composed of nothing but the remains of 
microscopic plants and animals, which must have required a vast time 
for their aggregation ; elsewhere, the vestiges of huge coral ree& testify 
that innumerable geueratious of their slowly-growiug fabricators must 
have lived and died undisturbed, iu one loc^ty; and, in some places, 
enormous accumulations of the bones of large vertebrata, each individ- 
ual of which must have required many years to attain its fidl growth, 
tell the same tale. 

The two great astronomical truths to whjch the general mind has 
always found the greatest difficulty in assenting are, first, the doctrine 
that the seemingly fixed earth moves, while the apparently moving sun 
stands still ; secondly, that the earth is but a parOcle, and the diameter 
of the system to which it belongs insignificant when compared with, the 
vast space which separates one of the greater heavenly bodies from 
another. Geology presents two correspouding truths, as hard to believe 
and yet as well founded. The first is, that the seemingly fixed land is 
subject to incessant oscillations, while the sea, so mobile on the small 
scale, remaius in reality comparatively unchanged. The other is, that 
our historical period, even if we include the widest Umit to which tra- 
dition would carry the records of our race, is but an insignificant portioa 
of the countless ages which have elapsed since the animus, the remains 
>f which are exposed to view in the Ijower Siluriau cases of this collec- 
tion, hved and died, and were buried in the oozy bed of the ocean of 
that period. 

We are, therefore, compelled to believe that a general uniformity has 
prevailed in the op^ations of physical and vital nature throughout all 
time of which we haveauy record : but just as the gcnerallj- uniform and 
regular movement of the celestial bodies is quite consistent with minor 
and subordinate perturbations, so the proved uniformity of action of 
the causes in operation in the physical world by no means excludes the 
possibility of occasional sndden and immense chfuiges, or "catastrophes," 
as they have been called; nor does the equally evident general nniformit^ 
of plan predominant throughout the ancient fauna and flora iu any w:^- 
iutorfere with very great and important deviations firom those whiiui 
now exist. 
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EEMAKKS ON THE "CARA GIGANTESCA" OF TZAMAl IN ITICATAN. 



Br Dr. ABmcK Schott. 



Of the many remarkable relics of ancient Mayt^ civilization, the little 
town of Yzamal, situated aboat thirty miles east of M^rida, has a con- 
siderable share. One of the most valnable, because mythographically 
most eloquent, is tbe8o-called"(7ara6i(wntejica,'' (gigantic face,) a colos 
sal work in stucco on the east side of a solidly built stone clam, rnuniog 
north and south between various sacred monads, or " knes," as the 
Mayas call them, and of which the historians of the Spanish conquests 
mention ten or eleven as in existence almost intact, shortly after the 
subjugation of the peninsula. 

Stephens, in his " Incidents of Travel in Tucatan,^ also speaks of 
the curious face on the wall, which he had visited in the conrtyard of 
SeQora Mendez. This author, however, devoted only a few cursory re- 
marks, together with an equally unsatisfactory illustration, to a subject 
which well deserves the cloHO attention of the antiquarian. 

There is nothiug in the features of the imago which should be desig- 
nated as stern and harsh, as Mr. Stephens has dune, for the only strange 
feeling this face may produce is caused by the colossal scale in which 
the whole work is projected. Otherwise the face, with its oblong, oval 
outline, exhibits what the Spanish de&ne as a "cara angoata^ (narrow 
face,) in opposition to the broad, square type of the common Indian of 
the land. The features are rather feminine, which is only a geuerally 
recognized peculiarity of the ji^mericao aborigines. The whole face ex- 
hibits a very remarkable regularity and conforms strictly to tbe univer- 
sally accepted principles of beanty, which have been handed down to 
the art of tiie present day by the masters of ancient Greece. A verti- 
cal line drawn over the forehead, nose, and chin, divides itself naturally 
into three equal i»arts, each of wLich corresponds exactly to the frontal, 
nasal, and maxillary regions. The opened mouth, bringing the upper 
teeth almost into full view, together with the rounded nostrils and the 
slightly elevated tip of the nosej impart to tbe whole a singular expres- 
sion, which is certainly not accidents, bnt agrees strictly with the sap- 
posed purpose for which this face was made, and which will be wore 
manifest by the following remarks. 

The ontline of the fece or head varies flrom the Greek oval by ap- 
proaching nearer to a rounded oblong, for tbe cheek and jawbones 
are rather more developed than tbe rules of classic beauty would a<lmiC. 
The head-dress in the shajie of a mitre is encircled just above tbe fore- 
head by a baud, which is fastened in front by a triple locket or tassel. 
A singular deviation from nature is exhibited hy the ears, which are 
made to project forward. Under the chin three flat stone plates pro- 
ject, while the space on both sides of the head is filled up with numer- 
ous arabesque curves of various kinds. The whole of this remarkable 
piece of stucco work occupies a space of about ten feet square. 

There is little doubt hut that this work in its time mnst have served 
as a sort of altar, upon which the offerings of burnt Incense were de- 

■ . T7otH;ic 
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posited accompuiied bj the prayers of the devotees. Mr. Stephens 
tiso held this opinion not only on the strength of certain popular tra- 
ditions, but by virtue of some direct histori^ accounts of the Mayaa. 
The blackened and charred marks on the three stone plates t>e1ow seem 
to corroborate this assertion. Whether the image was once intended 
to represent a deity or demi-god cannbt now be proved to a certainty, 
but its natore can reasonably be guessed at, so that it may properly be 
taken as a representation of Ytzamatnl himself, who was the semi-divine 
founder and legislator of the ancient realm of Ytzmal, now Yzamal. la 
order to enable the reader to judge for himself, an extract from the 
early history of the Maya confederation in Yucatan may be acceptable. 

After the fall of the first Maya empire during the eighth century of 
oor era, when Chichen Itza, the then center of civilization, lost ber 
prestige as the principal city, Ytzmal became the foremost place in the 
country. Here ml^d Ytzamatul, the son of the true, living God, as he 
wai believed to have been. None ever knew whence he had come, for 
vhenever asked as to his origin be invariably answered: "Yteenctutn, 
Tfzen muyal, " which means, '- 1 am the Hew of heaven, the subgtance of 
Me chvdjiP It is, perhaps, also not improbable that this king's name 
was more a title than a real name, for in the Maya idiom it em- 
bodies a whole sentence within a single word, the meaning of which 
is, "Se who receives nnd possesses the grace?' Be this as it may, 
this name makes it obvious that its royal bearer must have been con- 
sidered by bis people as a semi-divine mediator between heaven and 
earth, an idea by no means novel in the history of human civilization. 
The real existence of such a personage is, iu a strictly historical sense, of 
little imi>ortance, but is noteworthy for the ethnographer, that the tradi- 
tional divine or semi-divine nature of the rnlers and founders of empires 
is snch a constant occurrence in semi-histortcal ages, as to be invariably 
found in some form at the commencement of the history of every nation. 

Ytzamatul, with his superior nature, according to Maya traditions, 
did not fail to enjoy the unbounded love and equally profound reai)ect 
of the nation over whose destinies be presided. His wisdom as a states- 
man and legislator, as well as his never failing justice as dispenser of 
the laws, gained tor him so much the admiration of every one of his sub- 
jects, that after his death the honor of an apotheosis was accorded to 
him ; and in order to do full justice to his memory, and to give tangible 
proof of the general veneration for tbe departed chief, bis royal body- 
was divided into various portions, over each of which a sejiulcUral tem- 
ple was erected. These sanctuaries soon became converted into so many 
places of worship, where the pious could ofter their prayers and enppli- 
cationa The names of some of these temples, each crowning at that 
time an artificial mound called *' kues," have been preserved by several 
of tbe Spanish historians. Among them one appears which was called 
" Kinich Kakjno," that is, " Sun with the face ;" another, " Ka^nU," which 
means, " T/ie working (creating) handJ" 

Tradition has it that in both these temples sacred fires and sepulchral 
lamps were burning day and night. Oracles were also pronounced there, 
and the faithful brought thither their sick and dead, which iu many in- 
stances became restored to health and life again by tbe miraculous in- 
tercession of Ytzamatul's sacred memory. These places were said to 
have become thus famous and renowned^ not only throughout the whole 
of the peninsula, but also far beyond its limits, whence a continuous 
pilgrimage was kept up. Hundreds and thousands joined in pious pro- 
cessions th>m Cuba, Hayti, and Jamaica, as well as from tbe interior of 
CluatemaJa, Tabasco, and Chiapas. In order to fiuiilitat«such reliEpoas 
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national intercoarse, terraced and paved highways were constrooted 
leading out from Yzajnal toward the four cardinal points. Of these 
colossal structures, many remnants can still be seen in various paiiis of 
the country, while other portions of them are lying hidden in the almost 
impenetrable woods and wilds, covering at present the main part of the 
snrface of the couutry. In the very vicinity of Yzamal a considerable 
piece of anch ao aucieut roadcan be examined within the limits of a 
village called "Qiticnm,"" (pronounced Tziticnm,) distant two Spanish 
leagaes west of Yzamal. 

Among the details of our present relic, the head-dress, a mitre in form 
of an obtuse cone, with its symbolic adornments, at ouce indicates the 
sublime dignity of a sovereign, or, at least, of the supreme dispenser of 
the nation's laws. The cincture encircling it, together with its triple 
locket or tassel in frout, is the emblem of nniversal power and divine 
perfection, such as was always and invariably attributed to a sovereign 
before nionarchiam had passed its zenith of popnlar belief. According 
to the ideas of the ancient nations of this continent, as well as of those 
of the eastern hemisphere, a single band aronnd the forehead was the 
badge of a nation's ruler. The mighty kings of ancient Persia, for in- 
stance, wore nothing else, and it was only in after times that from such 
a simple adornment the golden ring, the diadem, or crown, originated. 
Among the numerals the sacred three has ever been considered tliemark 
of perfection, and was therefore exclusively ascribed to the Supreme 
Deity, or to its earthly representive — a king, emperor, or any sovereign, 
who, allegorically, stood between God and the nation, and was generally 
believetl to be a descendant of the former. For this reason triple em- 
blems of various shapes and appUcations are found on sundry objects of 
royal adornment, but especially on Ruch as belts, neckties, or any encir- 
cling fixture, as can be most frequently observed on the works of ancient 
art in Yucatan, Guatemala, Chiapas, Mexico, &c., whenever the object 
has reference to diiine supremacy. 

Behind and on both sides from ander the mitre, a short veil falls 
upon the shoulders so as to protect the back of the head and the neck. 
This particular api>endage vividly calls to mind the same feature in the 
symbolic adornments of Egyptian or Hindoo priests, and even those of 
tho Hebrew hierarchy. Among the many fragments of ancient sculp- 
ture and architecture strewing the extensive area of Mayapan, at one 
time the metroiiolis of Maya empire, several heads of the same appear- 
ance, and adorned in the same way, occur, though varying a little in 
some unessential particulars. The same is the case with sculptured 
heads found at the celebrated Uxmal, (pronounced UshmaM A mitre, 
in shape exactly like those here referred to, also marks one of the resting 
stations of the Aztec migration, as can be seen on the Historic- Hiero- 
glypkie Table, which, as a vabiablo relic of that interesting nation, is 
preserved iu the national museum in the city of Mexico. 

A])parcntly more difficult to understand in our Yzamal work of art 
seems to be what is fixed in place of the ears, together with the adorn- 
ments filling up the space on both sides of the head. To decipher these 
enigmatic delineations, we have, besides the direct explauHtions of the 
older commentators of Mexican history, and especially those of Clavi- 
gero, tho general .character of similar mythographical representations 
of other ancient and modern nations of this continent as well as those 
of Asia, which all exhibit the strictest similarity if not congraency, even 
in detail, if idiographieally compared. 
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Among tbe ancieute of Mexico aad P^ru it was considered a princi- 
pal requisite for a aovereign, or even a lord of lesser powers, that be 
should uever fait at any time to first receive the liigh commands of 
Heaven, wliicli witli all theocratic nations formed the base of all seca- 
larlaw and justice. It was litiewiseindispensableforhim to listen impiw- 
tinlly to the supplications of those whoso destinies Providence had 
placed in his hands. Without the most scrupulous observance of such 
sacred duties no monarch or lord could rightfully and for any length of 
time eiyoy the high prerogatives of his exalted station. The history ai 
the Toltecs and Aztecs, like that of the Mayas iu Yucatan, records sev- 
erul examples of reckless monarcbs and transgressing rulers, against 
whom an indignant nation rose up in the defense of the outraged laws. 
Such revolutionary movements terminated, almost without ao exception, 
in the loss of crown and Ut'e by the accused, and in most cases with an 
entire breaking up of the empire itself. The Toltecs on such an occa- 
Bion lost theu- whole prestige in the valley of Mexico. Tbe Mayas, their 
immediate descendants in Yucatan, rq>eated tbe saute twice. Here the 
flrst enactment of popular wrath ended with the destruction of the 
realm of Chicben Itza, tbe oldest in that peninsula. The licentiousness 
and profligacy of two brotliers ruling at tbe same time, under a sort of 
duumvirate, wa.s the cause of the uprising of the nations wbicbcost 
tbe two pi inces their lives and tbe supremacy of that realm. In a 
similar way tbe kingdom of Mayapau, tbe then center of Maya glory 
aoder tbe dynasty of the " Cocomes," came to its end by a twenty years* 
war, the cause of wliicb was the most insulting neglect of tbo nation's 
laws on tbe part of the rulers of Mayapau, while all the other con- 
federate powers, and especially those of the kingdom of Uxmal had risen 
to satisfy the offended i>eoplo. The destruction of Mayapau, a large 
fortUied city of nearly three Spanish leagues in circumference, took place 
about a hundred years before the lirst Spanish invasion of Yucatan. 

Deaf to the sacred word of the law and deaf to the prayers of the suf- 
fering subjects, these supreme lords of the njition, forgetful of their ob- 
ligations, forfeited crown and life, and their defections, like an untied 
knot, necessarily weakened the very foundation of the whole political 
structure. It is, therefore, hut natural if the contemplative mind of those 
ancient nations, in tbeu: ever apparent symbolism, laid such stress npoa 
the beiuing organ of their rulers. 

The ideological view of this particular, confessedly so taken by the 
Peruvian, Mexican, and Maya, may also explain tbe singular customs 
among tbe former, where the Incas and the high nobility used to arti- 
ficially enlarge their ears by wearing in tbeui &om early boyhood heavy 
gold rings aud other trinkets. The extraordinary size of tbe external 
bearing organs, by themselves so much appreciated as a mark of high 
distinction, did nut £iil to bring them into ridicule with tbe Spanish 
conquerors, who nicknamed them " Orejonea " — that is, "Big ears." 

Whether or not the M&yas ever extended symbolism to such a degree 
as to subject paits of the living body to a similar official disfigariug is 
not known ; but a hyperbolic shaping of tbe ears or other members of 
the body on tbe persons of high distinction can be frequeutly observed 
throughout the represeutatious of their graphic arts, and our present 
relic furnishes an unmistakable example of it. 

Here two orbicular plates with perforated center bike the place of the 
ears. Four kuobs in higb-relief, probably with reference to the four 
cardinal points, divide these rings, or perhaps wheels, into so many 
equal quadrants. Kings aud wheels signify among the glypbics of the 
Azt«c8 and Toltecs, and consequently also of the Mayas, the space of 
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one year, as can be seen everywliere on tbeir calendar or monnniental 
Blabs. If made tetxamerons, as are the present ones, tliey may have 
paiticDlar reference to their qnadriennial cycle, called by them Katun, 
and may aerre here as a symbol of space and time combined. The ex- 
act connection of thought between sign and the ear of a roler can only 
be suggested. 

Leaving theorizing to tbe reader, it may be veil to call attention to 
similar ideographios which were used in ancient Asia and Europe, The 
Greek, for instance, attribnted to Satnmns and Kronos a wheel as a 
symbol. The name of the latter as well as his attribntes clearly have 
reference to time. Botli Kronos and Satnmns are, again, identical 
with Krodo and Satar, of the heathenish Baxons, who combined with 
these personifications the same ideas as did the Greeks, who received 
the elements of their theogony &om that of older Asiatic nations. 
Krodo, like Kronos, was represented with a wheel. The Greek also asso- 
<aated Saturnns, as the jadging ruler in the realm of death, with N^eme- 
sis, Adrastea, as his consort. Various representations of the ancient 
Orient show both these personifications — that is, Satnrnus holding the 
BCtUe of Xemesis, and she having his wheel at her feet. 

Though a direct idiosyDcratic correlation between Asiatic and Ameri- 
can symbolism cannot be proved here, the example may at least be 
accepted as one of those numberless instances which comparative eth- 
nogra{>hy shonld never overlook. 

The two loopkuots afSxed, one above the right and the other below 
the left ear, are again the symbols of pledge or obligation, and may here 
indicate tbe beards duty to receive the grace l^m above and listen to 
the prayers of the afiBicted below. 

The diversely-shaped curves filling up the space to both sides of the 
head represent, according to Clavigero's direct statements made else- 
where, the prayers and invocations of the devoted. They cnrl up like 
smoke and incense while seeking entrance to the ears of the paternal 
monarch, such as history and tradition represent Ytzamatnl to have 
been. 

In the earliest records of the Maya nation, in regard to the realm of 
Yzamal, no other ruler of such a sublime nature is mentioned, though it 
seems that in varions epochs other sections of this widely-extended theo- 
cratic confederacy severally claim snch primordial legislators, more or 
less modified in name and form, bnt all said to have been gods or demi- 
gods. Thas, Chichen Itza had her Zamnfi, Mayapan her Gucnlean, which 
^tter seems to have been of still higher rank, and is, in form and 
nature, tbe Maya equivalent for the Mexican Qnetzalcoatl. 

The mythical halo surroondiug the historical record of Ytzamatul 
eeems to have so much overshadowed tbe memory of bis successors in 
ofQce that it would be rather hazardons to connect the image on the 
wall with any other personage but with that first ruler and legislator of 
Tzamal, or, better, Ttzmal, as it was called before this name was his- 
panized by the European conquerors. 

There can be but little risk iu referring the " Oara giganteaca " in its 
colossal size to a representation of the one who, according to bis people^a 
belief, "Reoeivea and potBtatea tA« ffrace,^ as tne name of Ytzamatul is 
said to signify. 
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FORESTS AND THEIR CLIMATIC INFLUENCE. 



Bt U. BEcquESKL, Afonto-o/tAa FVencA JfUli&ift. 



[TranBlated for the Smithsouiui iDstitution.*] 
FORESTS OONSinBBED m A OLIMATOLOaiCAL POINX OF TIEW. 

Forests exercise several kiods of influeDce over climate ; but, to appre- 
ciate them properly, it is oecesaary to define what we underatand by 
climate. 

The climate of a couDtry,- according to Hamboldt, is the union of the 
phenomena, whether calorific, aqueous, luminous, aerial, electrical, &c^ 
which impress on that country a defiuite meteorological character, dif- 
ferent from that of another country sitnated under the same latitude 
and placed in the same geological conditions. Accordingly as one of 
these phenomena predominates, the climate is said to be \^'arm, cold, or 
temperate, dry or hnmid, calm or variable. Heat, however, is regarded 
as exerting the greatest influence ; after this follow the quantities of 
water which fall in ditferent seasons of the year, the humidity or dry- 
ness of the air, the prevailing winds, the number and distribution uf 
storms in the course of the year ; the serenity or nebulosity of the air ; 
the nature of the soil and that of the vegetation which covers it, accord- 
ingly as this is spontaneous or the resnlt of culture. 

1. What is the part which forests fulfill as a shelter against the winds 
or in retarding the evaporation of the rain-watert 2. What is the 
inQuenee of trees on the water imbibed by the roots and on that which 
exudes by the leaves, as modifying the hygrometric state of the ambient 
air} 3. How do they modify the calorific state of a country 1 4. Do 
fotests exert an iufiueuce on the quantity of water which falls, aud on 
the distribution of rains in the course of the year, as well as on the 
system of running waters and those of springs ! 0. How do they inter- 
vene for the preservation of mountains and of slopes 1 6. Do forests 
serve to withdraw iVom storm-clouds their electricityj and thus to mod- 
erate then: effect on neighboring aud unwooded regional 7. What is 
the nature of the influence which they are capable of exerting as regards 
the public health t 

From this series of questions it will be seen how much caution is to 
be observed before we pronounce on the influence which the dinboacation 
or clearing away of the forests of a country may exert on its climate. 
It is necessary, first, to know the geographical position, the geological 
constitutiou of that country, its latitude, its proximity to or remoteness 
from the sea, the nature of its soil and that of its subsoil, according as 
one or the other is permeable or impermeable, siliceous, calcareous, or 
Brgillaceous-:-elements which must all be taken into consideration. 
These questions, with the exception of a few, not being susceptible of 
solution a priori, exact, of course, a 8i)ecial examination aud experi- 
mental study, without which we incnr the risk of pronouncing an opin- 
ion not in accordance with that of one who may have considered the 

* From the Atlat SUUinvhgique de rotnenatoire Imp&ial. Folio, Paris, 1867. 
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Babject fivm a different point of view, or embraced bat a part of tbe 
qneBtion. Let us adduce tbe proofs; 

TUe action of forestB on tbe climate of a country is very complex, for 
it fnrtbor depends, first, on their extent, tboir elevation, the nature of 
the soil, and of the subsoil ; second, on their orientation or direction 
with regard to the winds, whether warm or cold, dry or humid ; third, 
on the age at which tbey are cut, on their species, that is to say, whether 
the leaves be caducous or persistent, seeing that the radiating and ex- 
halant.properties are not the same at all seasons ; fourth, on the seasoQ 
of raiu, whether in summer, autumn, or winter j fifth, on the proximity 
of pestilential marshes^ &c. 

Whatever be the action exerted by a forest, it will of course bear a 
relation to its extent, for a tree or group of trees does not act like a 
large mass ; a single tree indicates, by the shade wliich it throws on the 
surrounding soil, that its presence is injurious to the culture of plants 
to a distance which depends on its height; the loftier the forests, the 
greater the extent of the shade ; the shade depends only on the skirt of 
Qie forestj and to a certain degree on the density of that skirt, 

The height of the trees, if the forest has a certain density, may be 
an obstacle to tbe wind, according to their position in regard to the di- 
rection of the latter. It is well understood that forests principally act 
as a shelter only in relation to the lower winds ; the obliquity of these 
is to be taken into consideration, as will be seen hereafter ; the depth 
of the forest supplies to a certain extent the compactness in which it 
may be detlcient. This action mil be developed further on. Tbe nature 
of the soil claims consideration according to the proportions of clay, 
lime, and silex which enter into its comi>Q8itiou, In the case of dif- 
ferent combiuations of these constituents the effects are quite different, 
much depending also on the circumstance whether the subsoil be per- 
vious or impervious. All soils, as is well known, may be reduced to the 
four following divisions : 



T.»».n.i~... ^11 i 3' Pervious anLsoil ; 

ImperviOMSOil i 4. Imperviooa «ubwU. 

The roots of trees, by penetrating into the soil and subsoil, separate 
tbe particles and thus facilitate the escape- of the surfiice waters: the 
older the trees and the more ancient the preserve^ the more deeply do 
their roote penetrate, and the greater the Ikcility consequently with 
which the waters traverse the subsoil. 

Let us examine the effecte of the fonr kinds of soil above enumerated 
on tbe vegetation of forest trees. First ease. With a pervious soil and 
pervious subsoil the waters never stagnate, be the soil wooded or not. 
Second case. With a pervious soil aud impervious subsoil, stagnation of 
the waters takes place when the soil is not wooded — of this Brenue and 
Sologne are examples ; if it be wooded and the subsoil have not too 
great a depth, the waters readily percolate by help of the roots which 
traverse it ; in the contrary case they remain stagnant. Third cote. The 
soil impervious, the subsoil pervious : this soil suits only certain species 
other than the oak. Fourth case. Soil and subsoil impervious : with this 
soil forest culture agrees least of all ; yet are there certain species which 
can live and develop themselves therein. The roots of trees, therefore, 
by making their way into the soil, fulfill an important part in the distri- 
bution of the waters of a country. MM. Gras and Alphonse Surel, 
"from numerous observations made in the higher Alps, explain as fol- 
lows the effect produced by forests situated on the sides of mountains. 
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When a sloping snrface is overran by vegetation, first by low plants, 
tlien by trees, tbe roots eutwine with one another and form a net-work, 
which gives consistency to the soil j while the branches, furnished with 
their leaves, protect it from the violence of rain-storms. The tmuks, 
with the offshoots and brush-wood which surround them, multiply 
points of resistance to the currents which would otherwise furrow the 
earth. The effect of vegetation, therefore, is to give more solidity to 
the soil, and to distribute the waters over the whole surface. The soil, 
being divided by the roots and covered with a spongy humus, absorbs 
a part of the waters which cease to flow over the declivities. It ia thns 
that the woods act as a shelter against the force of rains in mouutainons 
countries. 

The action of forests as a shelter in regard to winds is not absolate; 
for the effects depend on the height to which the wind blows. If this 
height does not attain that of the forest, the wind is arrested at every 
momen( by the trees; loses its velocity; and^ if the forest has a^ufficieot 
density, will have wholly ceased by the time it reaches its limit. When it 
blows to a height greater than that of the trees of the forest, the latter has 
no action except on the lower stratum of the current of air, unless its 
direction be inclined; above tbe forest, the upper mass of air which haa 
encountered no obstacle, and which has a horizontal direction, coutinoes 
with the same velocity. The action, then, of a forest as a shelter, is 
limited. 

Forests may act in_ still two other ways : when they happen to lie ia 
the direction of a violent current of air, at a maximum of saturation 
with vapor, a part penetrates into the mass, the other part is dispersed 
in all directions by the obstacle presented to its passage; the portion 
which rises, if it encounters a colder stratum of air, yields its vapor to 
precipitation, and a fall of rain ensues. Again, when a current of faomid 
air charged with pestilential miasms penetrates into a forest of a certain 
extent, it is altogether divested of them. It has been observed in tbe 
Pontine marshes that the interix>^ition of a screen of trees preserves all 
that is behind it, while uncovered tracts ajre exposed to fevers. Tbe trees, 
therefore, sift the infected air by removing it« miasms. This fact has 
been reported by M. Kigand de Lille, in his work on malaria. 

M. Hardy, director of the government nnrseries at Algiers, has 
announced facts which clearly show the influence that trees may exer- 
cise as a shelter. There exist in Algiers three groups of fratesceut or 
starnbby plants; the first being formed of trees with caducons leaves, 
poplars, alders, &c., which grow iu ravines and on the banks of streams; 
the second comprising the agave, the cactus, the palms, &c ; the third 
consisting of vegetable species with persistent leaves, snch as the olive, 
the carob, the wild laurel, &c. M. Hardy has remarked that the trees 
of the first group which are indigenous grow rather in breadth thanSn 
height, and thatthey constantly present a large and flattened top; if 
some species happen to attain considerable altitude under the most 
favorable conditions for their development, they are observed to grow 
with vigor for some time, but arrived at the height of the trees of the 
country, the top becomes dry and the branches then extend themselves 
horizontally. Effects of this kind are to be seen in the poplars planted 
at Bouffarich, in tbe center of the plain of Mitidja, under conditions of 
humidity of soil which leave nothing to be desired for this species, and 
yet these trees are incapable of surpassing the height of from 10 to 
12 metres, (33 to 39 feet.) There are found, it is true, specimens which 
rise higher and still seem not to suffer at the top, but these are sitnated 
at the base of a steep bill whose crest is mndi more lof^ tbao the 
trees. 
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This inability of the vegetation to rise beyond a certain height which 
ia far trom l)eing that at which the tops of such trees ordinarily stop, 
. evidently proves that there exista. at a greater or less elevation, a stm- 
tnm of air in which development in height is imposaibla This effect 
must be attributed to the air current of the desert, which is warm and 
dry; all trees which grow in Algeria are subject to its iafluence. The 
trees of the third group, the cypresses, the cedars, &c., which brave 
this infiuence, rise to a very considerable height. 

The principles above set forth suffice to show the part which for- 
ests may play as a shelter, and within what limits tbey act. We are 
naturally led to examine the value of the cootradictory opinions re- 
specting the effects of their removal, enunciated by Arago and Oay- 
Lussac, in the commission appointed in 1836 to consider the expediency 
of adopting article 219 of the forest code. " If the screen of forests on 
the maritime border of Normandy or Brittany," said M. Arago, "were 
levelled, these countries would become accessible to the west winds, 
the tem|)erato winds coming &om the sea. Hence there wonld be a 
diminution in the cold of the winters. If a similar forest were cleared 
away on tho eastern frontier of France, the glacial wind of the east 
wonld there be more jjowerfully propagated, and the winters would be 
more rigorous: tbedestmctionofascreen of this sort in the one and the 
other situation would, therefore, have produced effects diametrically op- 
posite," 

In principle M. Arago was right, bnt not absolutely, for the effects de- 
pend on the locality where the forests are situated, on their altitude, 
and on various other causes. 

M. Gay-Lussac used very different langnage: "In my opinion," he 
said, " no positive proof has thus Ihr been obtained that woods have of 
themselves any real influence on the climate of a large country or of a 
particular locality, and especially that tbey have a different influence 
from that of all kinds of vegetation. It might be asked if the evapora- 
tion of water is the same on a naked soil and one covered with vegeta- 
tion. The questions are so complicated when considered under a cli- 
matic point of view, that the solution is very difficult, not to say im- 
possible. Another advantage in wooded soils which I do not dispute, 
is to promote the abundance of springs of water. And all, in fact, that 
t^nds to arrest the flow of rain-water and to enable it to inflltrate slowly 
into the earth, instead of passing off in torrents, is favorable to such 
springs. But once more, this advantage attributed to woods is pos- 
sessed, in perhaps the highest degree, by a herbaceous vegetation ; 
the close and numerous blades, the comoae and interlaced roots, com- 
pose a thick and spongy mass which admirably intercepts the move- 
ment of the water, retains it, and yields it up by little and little." 

On the other hand, M. Beugnot, reporter for the commission named 
in 18D1 to revise, as far as was needful, the forest code in matters re- 
lating to clearings, denied, though with less authoritativeness than 
MM. Oay-Lossac and Arago, the influence exorcised by great masses of 
wood on the climate of a country. In his report he remarks : " The de- 
partments of La Loire-Inf^rieure, La Manche, Le Pas de Calais, Le Kord, 
La Somme, Le Maiue-et-Loire, are among those which are least wooded. 
Is the climate less salubriou.s than that of the Landes, of the Gi- 
ronde, of Loiret, of Cher, and Loiret-Cher, which are among the most 
densely wooded 1" "We arrive," he adds, " at the same conclusion, on 
comparing together the different conutries of Europe: consequently 
the clearing away of woods is in nowise iiyorioos to the salubrity ot 
thecoBitiy.- - „.„„„Goojjle 
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Less proof it wonld be impossible to bring to the solation of a qnesHon. 
We shall proceed to discaas each of these opinions ; not contenting onr- 
selves, like their anthoru, with adhering to generalities, but by a resort 
to facts and experiments, the sole means of arriving at a solution. 

M. Arago was right in saying that forests served as a shelter against 
winds, bat he did not say within what limits, and yet therein, as we shall 
show, lies the whole qoestion. The Alps, by reason of their situation 
and height, protect certain parts of the coast of the Mediterranean, es- 
pecially those about Nice and Hyferes, from the cold winds of the north. 
The siiine chain of mountains renders exceptional also the climate of 
Lake Mnggiore, Lake Como, and the neighboring districts. Nothing 
like this would occnr, at least over so great an extent, if, iu place of tbe 
Alps, which are several thousand metres in height, there were monn- 
taius of an ordinary altitude or mere hills ; for, the protected surface, as 
will be seen, depends on the eleTation of the mouutaios. Now, the ac- 
tion of forests, composed of tbe loftiest trees, having at moat a height 
of from 30 to 40 metres, (100 to 130 feet,) cannot be dittfercnt from that of 
simple bills. Their mass anppliea in this case tbe compactaess in 
which they are defecrive. 

"In the plains of Orange," aa^s M. Gasparin, {Traiti ^Agriculture, t. 
1, p. 106,) "tbe north wind which passes over the mountains of Daapbiud 
strikes llie earth at an angle of about 15° ; wbence it follows that a height 
of 200 metres (G5C feet) protects a space of 2,160 metres (7,087 feet,) a 
border always reserved for the most ^'aluable crops, and such as most 
shun the cold. Under the influence of such a shelter, the mean tem- 
perature of the year is raised by more than 1° ; whence it is thut tbe 
orange tree flourishes in the open grounds at Ollioulcs and Hyi^rea, 
while it cannot stand the winters of Marseilles ; hence, too, the temper- 
ature of the air at the Lakes Gomo and Garda permits the cnltivatiou 
of the olive, which dares not show itself in the plains of Lombardy." 

We wit] cite still auotber example which furnishes an idea of tbe ex- 
tent which may be protected by a shelter of alight elevatioa. Id tbe 
valley of tbe Rhone, where the mistral frequently blows, a simple hedge 
2 metres in height (7 feet) iacapable of protecting a epaceof22 metres 
(72 feet) in breadth, a limit which, aa M. Gasparin observe.^, should 
serve as a guide in tbe discussion. - It is by means of aucb shelters, 
which are greatly multiplied ia this valley, that the cultivation of le- 
gnminous plants is possible, as it could not be without this expedient 
In the open plains of Provence, hedges of still greater height are ob- 
tained by plantingthecypress and thelaurel. All theseahelters, though of 
little elevation, protect large spaces when tbe lower currents of cold wind 
are horizontal. In this connection, we should not forget to mention the 
different aspect presented by the two faces of the Pyrenees ; the tract 
OD the side of Spain, which is exposed to tbe winds of the aonth, is 
arid, while that which looks toward France ia covered with pastures 
of fine vegetation. 

Theexamploa which we have joat cited aufBce to show that the action 
of forests, even wbeu composed of trees of the tallest growth, is Umited 
aud cannot consequently extend to an entire country, as is maintained 
by M. Arago. 

M. Gay-Lussac is still less explicit, for he only propounds qnestionR, 
or gives their solution a priori without proofs in support of it. He asks, 
for example, whether the evaporation of water is the same on a naked 
soil as on one covered with vegetation ; he asserts, on tbe other bandf 
that tbe inflnence attributed to trees upon the system of waters per- 
tains iu the highest degree to the herbaceous vegetation. The examin- 
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ation of these questions reqairos that ve should take into consideratioii 
the following data: 

Schublcr has proved that all earths do not possess the same property 
of imbibitiou. In 100 p^rts of earth desiccated to i(P or 50°, the nam- 
bersfonod, for the quantities of water absorbed, are these: 

Siliceous 8an<1 2S Pare clny 70 

Calcareous aand 29 Fiuo c^cureoua etuth 85 

Barren clay 40 Humus 190 

Calcareous and siliceous sands are the substances, therefore, which 
have least affiuity for water, while homns is that which has most. The 
state of division, as will be seen, has an influence on the conditions of 
floe calcareous earth. It is impossible to separate, in the present case, 
the property of imbibition from that of aptihide for desiccation, to 
which regard must be had in evaporation. Experiment proves that 100 
parts of the water of saturated earth lose in four hours, at 13°.75 
(570 F.) of temperature: 

Siliceona sand 88.0 Argillaceous earth 34.9 

Calcareous saud 75.9 Pure clay 31.0 

BarrcQ clay 53.0 Lime in Dae powder 28.6 

Fertile clay 45.7 Uumus 20.15 



It will be seen iirom this that siliceous sand is the substance which 
allows water to escape most easily, while humas is that which retains 
it longest. Calcareous sand loses water less easily than silicions sand. 

We will further mention the results obtained by Melloui in experi- 
ments relating to the refrigeration uiidcrgoae by certain substances 
ander the influence of nocturnal radiatiou, and which should bo taken 
into consideratiou : 



Batioin tha 
effects of re- 
Ixigeration. 



Plants with emooth leaves. . 

Siliceous sand 

Vegetable earth 



Kow, the absorbing power being equal to the emissive power, it must 
be admitted that the substances will in the same time acquire heat in 
the same ratio. Such are the elements which enter into the solution of 
the qnestioQ, or rather questions, proposed by M. Gay-Lnssac 

When rain fall^on the soil, the upiwr strata first become saturated, 
then the excess of water passes to the lower stratum, which likewise 
becomes saturated natil the excess of one stratum completely saturates 
that which is t>eneath it. When the upper stratum'becomes dry through 
evaporation in the air, it resumes, from that which is below, what it has 
lost, as does the latter liom the third stratum, until all the water pri- 
marily absorbed is dissipated. As to the evaporation, it is evidently 
less, all else being equal, on a wooded siuface than on a merely sodded 
one. 

M. Gasparin (Traill ^Agriculture, t. II, p. 110) has made experiments 
on the subject we are considering, and tinds, on comparing the evapor- 
ation of a surface of water with that of a surface of earth completely 
satoratetl, iu the month of August, and at a temperature of 23° to 26°, 
'(73° to 790 F.,) the following results as the ratios of one to the other, 
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Flratday 

Second day.. 
Third day... 
Fourth day.. 
Fifth day..,. 
Sixth day.. - 
SeveDtb day. 



mUimftra. 


MiUimelm. 


15.0 


4.1 


la? 


2.5 


H.5 


L8 


12.0 


L3 


n.7 


1.3 


n.o 


L2 



Evsiporation, therefore, proceeds rapidly in tbe earth at first, bat, as 
wo see, becomes fluatly very feebre. 

The series of experiments we have above reported show that evapor- 
ation must vary considerably with the nature aad physical state of the 
soil, a consideration to which no regard htis heretofore been paid ; thus, 
lands covered with low vegetation, or with woods, and whose soil is 
composed of humus mixed with sand, lime, or clay, absorb more water 
than those which do, not contain humus, and retain it conscqnently 
longer than the latter. The effects vary according to the proportions of 
tbe different elements which compose the soil. The infiltrations are 
greater in wooded lands than in sodded, the roots dividing them to a 
greater depth, and thus facilitating the passage of the waters which 
are not arrested except by some impervious stratum. Tlie branches of 
trees provided with leaves not only form an obstacle to the evaporation 
of the water resting on tbe surface, bat the leaves are further constantly 
surrounded by an atmosphere of vapor proceeding from exhalation, and 
which prevents evaporation, in so far as this exhaled water suflBces for 
the saturation of the air; during all this time the infiltratioc continues 
in the earth. Herbaceous plants, being deflcient in mass, do not pro- 
duce the same effect ; in fact, whoever has been in places wooded in 
part, and in part covered with sod, mnst have remarked th.it, after rain 
and exposure for some time to the sun, the sodded spaces had become 
dry, while the wooded were still damp. 

Let U8 speak now of the water taken up by the roots, and of that 
which is exhaled in the air. The roots of trees, as is proved by the 
experiments of Hales, Dutrocfaet, Mirbel, and M. Gbevrenl, draw in a 
great quantity of water charged with the divers elemeuts which go to 
constitate the sap; the siiri>IuB of the water is exuded by the leaves, 
and continually maintains in the ambient medium a humid atmosphere. 
The water imbibed proceeds not only from the superficial strata, but, 
moreover, from the more or less deep strata into which the roots pene- 
trate, and which furnish little or no water to herbaceous vegetation; 
these strata are fed by subterranean currents of water often coming from 
agreat distance. Further, this water which existed iu the deeper strata, 
being effused into the atmosphere, afterwards falls as dew, fog, or raia, 
and thus augments the quantity of water which the surface of the soil 
receives even at remote distances. 

The quantity A' water imbibed by the roots is such that it is difficult, 
in &ct, to make anything grow near trees. Several causes prevent it. 
The earth which envelopes the roots nearest the surface is often in a 
certain state of desiccation; it loses by degrees its nutritive principles, 
its lime, &c. ; it becomes dense, aud. no longer contaiiiiug anght else 
than da^ and sand, acquires coupaooiess, and is then more permeable. 
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It has DOW been Bhovn, Ist, that there exists adiffereoce between eva- 
poration on a naked and on a sodded soil ; Sd, that there is snch a differ- 
ence also in regard to a aoddetl soil and a wooded one, with the advantage 
in favor of the latter that it better facilitates infiltration of the water; 
3d, that the qnantity of water imbibed by the roots does not parch the 
Boil. since, after exbalatiou, it again falls in the state of fog, dew, or 
rain. Desiccation otdy tabes place when the soil in exhausted. 

Let us see now to what point the conclnsion of M. Beagnot, that the 
clearing away of woods is never ]»rejndicial to salubrity, has its founda- 
tion in fact. This conclasion is true if the soil is siliceoas or calcareous 
and the subsoil permeable; but it is not so if both are argillaceous, for 
the roots are no longer present to facilitate infiltration, unless indeed 
drainage is nsed to remove the stagnant water. Of this, Sologue, I^a 
Brenne, and Dombes are examples. Sor is it true if the woods which 
are removed existed in the proximity of swamps producing i>e8tileutial 
miasms, like the Pontine marshes. 

Let us next consider the calorific infiuencc of forests. This influence 
has been established as follows by Humboldt and the meteorologists: 
They screen the soil from solar radiation, preserve a greater humidity 
therein, and promote the decomposition of the leaves and twigs, which 
are converted into humus; they produce fWgorific effects through the 
strong aqueoas transpiration ofthe leaves, and by multiplying, through 
the expansion of the branches, the surfaces, which, acquiring heat by 
tbe action of the solar radiation, are again chilled by the nocturnal 
radiation. In relation to this latter action, positive experiments demon- 
strate that the stratum of air in contact with a prairie or a field covered 
with grass or with leafy plants is cooled, all else being equal, under the 
noi-tumal radiation, to the amount of several degrees, sometimes from 
0^ to 7° or 8° (10° to 1S° F.jbelow the temjierature ofthe air atsome metres 
higher up; while nothing similartakesplace on adennded surface, wbicb 
grows warm or cool according to the nature of the parts composnig the 
Boil, We will add, however, that, inasmuch as the leaves as well as the 
trunk and branches acquire heat under the solar influence and preserve 
during tbc night a portion of that heat, this effect must naturally coun- 
terbalance that i-esulting from the nocturnal radiation. Until now, uo 
acconut has been taken of this effect of solar radiation upon trees, 
although it exerts a considerable influence on the temperature of the 
air beyond the woods as within them. To explain the calorific influence 
of trees on the temperature of the air, it is necessary, therefore, to join 
to the older observations those which have been more recently made on 
the temperature of the air at different heights in the neighborhood and 
at the jwripbery of trees. 

Humboldt and Bonpland, recumbent on the grass during the fine 
nights ofthe tropics in the plain of Vcucznela and the lower Orinoco, 
experienced a humid coolness when the strata of air at a height of 1 or 
2 metres (3 or 7 feet) had a temperature of 2Co to 21°, (7(P to 8(P F.) 
In the equatorial and tropical regions, where the nocturnal radiation 
acts with so much force byreasonof the serenity of the skj", the increase 
of temperature, as we iisccnd, is manifested as in middle latitudes, but 
to a much greater height. Hence, iu the equatorial zone, no change is 
observed in the vegetation from the level of the eea to the height of 600 
metres, (1,969 feet:) aud beyond this, even to an altitude of 1,200 metres, 
(3,937 feet,) we still recognize the flora of the tropical zone. 

We can now explain why, under our latitudes, certain products of 
coltare fail in the depressions of tlie surface and succeed upon hills, 
20 8 
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and for vliat reason vegetables are overtakeii by frost in low situations 
and are exempt from its effects at heights a little more elevated. M. 
Martins observed a fact of this kind in tbe Botanic Garden of Mont- 
pellier. Ijanrels, figs, olives, nearly all perish in the lower parts of this 
garden, while, under conditions of shelter wholly similar, they are safe 
at an elevation greater by only a few metres. Do we not know also 
that vines planted on the acclivities of hills produce bettor wine than 
those which grow at the bottom, on account of a more perfect maturity t 

Experiments which we have made with the electric thermometer 
evince quite satisfactorily this remarkable property, that the tempera- 
tore of the air rises from I'^.SS (4 feet i inches) above the soil to 21''.25 
(68 feet 10 inches) at the summit of a chestnut tree, and probably trora 
this summit upward to a certain height whose limit has been fixed by 
M. Martins and other meteorologists ; for the leafy periphery of trees 
must be supposed to act like the soil covere<l with low plants, by rea»oa 
of its great absorbing and emissive imwcr. The mean differeuws 
between the temperatures of the two stations have been verified at the 
Jardin des Planter during several years: 

From l-'.ra to 16 metree 0°.«0 

From 16 metres to 21".a5 0°.5eO; 

clearly showing the influence exercised by low plants and the periphery 
of trees on the temperature of the ambient air through the effect of 
calorific radiation. Let us now inquire what the influouce of the body 
of the tree — that is to say, of the trunk and branches — may amount to. 
Bvery body, not excepting trees, immersed in air grows warm or cold, 
and partakes consequently, more or less, in the variations of the temper- 
ature experienced by the ambient medium, the effects produced de]>end- 
ing on the state of the surfaces of the body, on its conducting power, 
and its specific heat. The experiments whose results we are about to 
report, as detailed in several memoirs which we have had occasion to 
present to the academy, (18Gl-'6j,] furnish the clearest proof of the 
above proposition. Some of those results are as follows: 

On examining the variations of temperature in the interior of a maple, 
0™.l (lA inch) in diameter and situated in a group of other trees, it was 
found that, during the months of August, September, and October, the 
mean temperatures presented no sensible difference with that of the air 
except in September, although the variations in the tree were in amount 
very nearly one-half of those of the air. 

The temperature in a tree is for from being the same in all its parts. 
If the leaves and branches promptly assume an equilibrium of tempera- 
ture with the air, not the less promptly does the trunk conform tiiere- 
with, and that to a depth of 0^.1, (1 inches.) The effects are different in 
trees exposed to the solar radiation, according to the proxim,ity or re- 
moteness of objects which absorb and radiate heat : a plum tree placed 
near a wall, 2 metres {7 feet) thick, was covered, in the month of July, 
with leaves and fruit; the tree was 6 metres (20 feet) in height^ and iu 
diameter, (P'.SS, (13 inch.) The difference between the maximum and 
minimum of temi^rature had, for several days, been from 34° to 25o, 
and the temperature at ttie interior of the tree had ascended to 37°, 
(99'^ P. ;) such a state of things could not long exist without weakeuiug 
the treej hence the leaves withered by degrees, the fruit fell off, and 
everythmg announced the approach of death, which took place a mouth 
1at«r; thus was produced an effect which gardeners call a heat stroke, 
(coup de chaleur.) 

We see, therefore, that a tree becomes heated in the air like an inert 
body, and the mora rapidly in proportion as its mass has leas volntue 
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and its bark a more considerable absorbing power; bo true is tbis that 
wben the trunk of a plum tree was enveloped to tbe heiglit of 2 metres 
' (7 feet) with tin, which possesses strong refiecting properties, the tem- 
perature of the air being perceptibly the same as in the preceding ease, 
tbe difference between the maximum and minimnm descended from 
130.07 to 50,3. (2;i° to 100.) It will be seen from this that the tempera- 
ture had become more uniform in the plum tree. On Temoxing the en- 
velope, the difference between tbe maxima and minima increased and 
became what it had been before. 

Metallic envelopes or those of straw diminishing in trees the varia- 
tions of temperatnre and rendering the movement of heat more regu- 
lar, it will rttKlily be conceived that the nature and tliickuess of the 
bark must exert a great influence on the calorific state of trees. Ex- 
periments made on the Opuntia and on other plants tend to show that 
the leaves and small branches are promptly brought into an efjuilibrium 
of temperature with the ambient air. On comparing the mean temper- 
ature of the air with that of the interior of a chestnut tree ha^■ing a 
diameter of 0".5, (20 inches,) it has been found that the mean of the 
temperatures observed in tbe tree, during a period of thirteen mouths, 
was superior by 0O.36 to that of the air at its surface, and by iP.83 to 
the temperature of the air at the north aud in the shade ; this difference 
is owing probably to the fact that the thermometer was placed to the 
north and sheltered from the Bun, while the tree was shielded from the 
north winds by a neighboring bnildiug, and was exposed moreover to 
the solar radiation. Experiments made ou other trees show that the 
principle of eqailibrium of temperature between the air and the trees 
shifts with tbe lapse of more or less time, and so much the more rapidly 
as the variations in the nir are less frequent. In winter and autumn 
the difference is at a minimum, aud in spring and summer it is at a masi- 
mnm. The maximum of temperature in tlie air takes place, according 
to the season, between 2 and 3 o'clock in the afternoon, while in 
the tree it occors after sunset. If regard be had to the seasons, it will 
be found that it is iu summer e8i>ecially that the maximum is more 
marked ; it does not occur till about nine o'clock in the evening. 

The heat disengaged in the organs and tissues of plants interposes 
but very feebly as regards their proper temperature, which is almost 
wholly of extrinsic derivation ; for its principal cause, we must look to 
the solar radiation and the temperature of the air. The diurnal varia- 
tion of temperature in the air is easy to determine, since it is the differ- 
ence between the maximum and minimum of the day. To find this 
variation in a tree is a matter of difBculty, but we may arrive at it, iu 
at least au approximate manner, by the following means: 

Observations on temperature were made at Geneva, from 1796 to 1800, 
at the rising aud setting of the snn, and at 3 o'clock p. m., in the air to 
the north and in the interior of a chestnut tree O^-.G (24 inches) in 
diameter; the maxima aud minima could be obtain&l by combining the 
temperatures at 2 o'clock and at the rising and setting of the sun, the 
maximum taking place about or after the setting of the sun, as was said 
above, and the minimum about the time of its rising; the difference 
obviously gives the variations within the tree. By discussing the varia- 
tions thus obtained in the air and in -the tree, it was seen that, during 
thQ years 1796, 1797, and 1798, the variations were, on a mean, more than 
five times greater in the air than in the tree. 

In the observations made at the Jardin dos Plantes, from December, 
1858, to July, 1859, it was ascertained that the means of the variations 
of temperatore In tbe air and in tbe tree were in the ratio of 30.8O to 
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00.81, that is to say, that tliey were 4,7 times greater in the air than in 
the tree, instead of 5.89 as was realii:ed at Geneva. This difference 
depends evidently on the bad conductibility of tbe wood, which does not ' 
permit the variations of tcmneratnre in the air to be rapidly transmitted 
into the tree; it is easy to conceive that variations in tbe air distinctly 
marker), but of short duration, cannot become appreciable iu the tree. 

Tbe leaves and young brancbes of trees, and the humbler plants which 
cover the luendows, existing under the same conditions as regards warm- 
ing and cooling, produce the same effects of radiation; it is in the boughs 
of a certain bulk and in the trunks, therefore, that we must study the 
influence exerted by the proper temperature of the plant on the ambient 
temi>eratnre. A green stem shonld be considered, in fact, as a" body 
covered with an envelope iiosaessing a great emissive ancl absorbent 
power, by virtue of which its temi>erature is lowered or elevated inces- 
santly through the effect of the radiation into space or of the solar radia- 
tion ; but wbeu the parenchymatous tissue is rejilaced by a cortical tissue, 
the lignum which is beneath being Itumid and a worse conductor in a 
transverse than longitudinal direction, the movement of heat is then 
effected very slowly, and biisk changes of temperature are no longer 
observed in the interior as in the ca,so of the yonng branches. From the 
above it will be seen that the variations being much less in the stem of 
a tree of a certain volume thnn in the air, if the temperature of the air 
varies even to a wide extent, but the variations are at the same time of 
brief doratioD, the calorific state of the tree is but little affect«il thereby. 
Iu the contrai'^' case, the tree finally assumes an equilibrinm of tempera- 
ture with the air. 

Every vegetable has need of a certain degree of heat in order for its 
tissues to perform tlu'ir functions ; when the temperature rises gradually, 
the i>arts dilate; the evaponition and circiUation of the sap is acceler- 
ated ; the lowering of the temperature produces contrary effects. On 
the other hand, alternations of heat and cold give a new activity to vege- 
tation ; thus under the tropics, the great variations of temperature during 
tjie day and night, in that part of the air which envelops the trees, being 
equally manifested in theinteriorof the trees, this state of things proves 
eminently favorable to the forest vegetation. 

The atmosphere is the source from which all pLnnts derive the heat 
of which they have need in order to germiiiate, develop themselves, and 
accomplish all the phaiies of their existence. The mean temperature of 
a i>lticu, the daily variations and the extremes of the tcmiieratnTe of the 
air, are the calorific elements to be principally taken into consideration 
in the phenomena of vegetable life and in researches relative to the calo- 
rific influence of forests and of womls in general upon climate. Tlie 
he-at produced in the tissues in which tbe trnusfonnation of the sap is 
effected does not act sensibly on the temperatnro of vegetables ; at least 
it is not appreciable by our instruments; what they possess is bor- 
rowed. 

We have ourselves undertaken several series of observations on tem- 
perature in different localities, both within the woods and without, to a 
certain distiiDCC, in order to ascertain the intlnence which forests exert 
on the meau temperature. The results which we shall obtain will form 
the subject of another memoir. 

It is proper here to remark that plants possess of themselves the fac- 
ulty of resisting for a certain time an extreme degree of refrigeration 
without suffering organic lesion, as we have ascertained in a series of 
experiments which leave no doubt on that point. We have been thii.H 
led to believe that there exista in the orgtmizatioD of vegetables a cause 
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iDdependeDt of condactibility, wbicb strives against a redaction of tem- 
perature below zero, and preserves tbem for a certain time from the dis- 
' astrons effects of excessive cold. Tbe action varies witli the diameter 
of the tree, and probably nitb the species to whicb it pertains. 

In northern regioDS the temperatnre of vegetables compared with 
that of tbe air is very remarkable. M. Boiirgeand, under the 68th de- 
gree of latitude, at places where tbe t«inpenttare descends in wiuter 
below the degree of congelation of mercury, that is to say to more than 

— 40°, has substantiated the followiog facta : i''irst. In the Populaa bal- 
gami/era and Abies alba, during eight montbs, from !November, 1857, to 
June, 1858, at d o'clock in tbe morning, the moment at which lie sup- 
poseuthe temperature to be very nearly a mean, the mean temperatures 
of the air and the tree were tbe same; which accords with -the observa- 
tions above spoken of, and is in conformity with the principle that the 
temperature of plants unceasingly t«nds to form an equilibrinm with 
that of the ambient air, notVitbstanding the efficient causes wbicb are 
incessantly in action to increase or diminish it. Second. The monthly 
temperatures presented little difference in the tree and in the air, al- 
though there were very great differences in the maxima and minima; 
in the month of January, for example, the maxima and minima were in 
the air + 6°, (43° F.,} and — 34o.OO, (— 29° P.,) and in the poplar 

— 20.20, {280 p.,) and — 29o.70, (—21° F.) Third. Daring the eight 
months of observation the mean temperature in the soil, at a depth of 
C.OIS (3 feet) and O^-.eOO, (2 feet.) was twice as high as in the air. 

The thaw takes place ordinarily in May, spring at once commences, 
and soon after anmmer arrives ; the rapidity of vegetation is such that 
tbe cereals sown in the month jast mentioned are reaped towartl the 
end of July; blossoms appear on the poplar when the temperature of 
the air is at +1S°A7 (5Go F.) and while the earth still freezes at a depth 
of 0".609, (2 feet,) Mid O^.Oia, (.3 feet.) The leaves display themselves 
in the first days of June, when the roots are buried in strata of earth 
where the temperature is still at zero, {32° F. ;) like effects are prodncetl 
when the branches of the vine are introduced into a conser\'atory while 
the stalks and roots are in the groundoUtside; the buds and even leaves 
begin to be devolox>ed when it is freezing externally at 8° and 10° below 
zero, (18^* and 14° above zero F.) We have here a new proof of the 
influence of the temi>eratnre of the air upon that of trees, showing that, 
even when the roots are in frozen earth, vegetation may proceed under 
that influence. The Populus balnamifera and Ab\e» alba, as well as other 
species, undergo exposure to a cold of — 40°, without injury to their 
organization, but the roots of these trees are in strata of earth whicb 
are not sensibly reached by the trost. A proof that tbere is here a cer- 
tain resistance to cold is the fact that the greatest minima of temper- 
ature, being — 34°.00, { — 29° F.) in the air, were, in tbe poplar, only 

— 290.70, ( — 21° F,) and that the temperature has been twice as high 
in the tree as in the air. 

After having stited the relations wbicb have been found to exist 
between the temperature of tbe air and its variations, as compared with 
those of vegetables, it remains for aa to show what temperature of the 
air has been realized above trees of large growth, snch as a chestnut 
21".25 (70 feet) in height, at the summit of which had been placed one 
of the solderinga of an electric thermometer in contact with tbe leaves. 
Multiplied observations have demonstrated that the temperature of the 
air alK)ve the chestnut tree depends chiefly on the calorific state of the 
leaves and branches whicb warm or cool the ambient air more or less, 
according as tbey have been exposed a longer or shorter time to solar 
radiation, or to noctmnal radiation. 
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A tree (tnink, brauctiea, and leaves) lunst, as has been saiiS al>ove, 
become wanner or cooler, like all bodies immersed in air, according as 
the 8UI1 is above or below the horizon. In the first case, it grows warm 
from the effect of the solar radiation; in the second, it grows cool iVom 
that of the uoctimial radiation, and this process goes on until the tree 
acquires an equilibrium of temperature with the surrounding medium. 
When nocturnal radiation commences, if the sky be without clouds, in 
proportion as the upper branches and leaves become cool, those which 
are underneath yield up their heat in succession to those above through 
the process of radiation. From this it will readily be conceived that 
the strata of air which envelop the tree retain during a great part of 
the night a temperature higher than that of the strata of air which are 
remote from it 

A tree which baa been warmed by the efifect of solar radiation so far 
acts as a body impardng warmth to the air, tliat, when a rain occurs 
suddenly, the temperature of the air is more lowered at some distance 
from the tree tban immediately around its periphery. Of this we will 
cite au exempliflcation. On the 9th of May, at one o'clock, after a strong 
insolation or free est>osure to the sun's rays, the following temperatures 
were observed : 

Tynipcrutaro above the chestnut tree 1!K.4 (B7^ F.) 

Toiu|ieratnreQtacerttuuiUstauco 18° Ji (65= F.) 

Difl'eT«uoe l^^.l (a- F.) 

Half an hour afterward, a rain fell, and the temperatures changed: 

Teiiiperatuto above the chratnut tree 17" .5 (W^ F.) 

TcuiperatDre bej-ood it 15°3 (e»- F.) 

Difiereoce 2^.3 (4'^ F.) 

Thus, in the interval of half an hour, the air which surrounded the 
ti-ee had been cooled by ouiy 1°.0, (3° F.,) while that which was a little 
distant from it was cooled to the extent of 3^.1, (G° F.;) it follows 
that the tree had radiated heat so as to impart warmth to the ambient 
atmospliere. The sun having reappeared after some moments, the 
tenii>erature at both stations rose, but somewhat less above the chest- 
nut tree than at a certain distance from it. These temperatures, at 3 
o'clock, were as follows: 

AlMve the tree 30^^ (60^ F.) 

At u certaiu distance lD-^.3 (67= F.) 

Difference p,6 (S- F.) 

To give an idea of the warmth imparted to the air through the pres- 
epce of leaves, we will take, for au example, the temperature of the afr id 
July, 1S03, at 9 o'clock in the morning, and at 3 and 9 o'clock in tbe 
evening; for the monthly mean the following results were obtained : 

At 9 o'clock iu the morning ; 21*^.56 (71^ F.) 

At 3 o'clock in the evtuiiig 36= .76 (i^- F.) 

A» y o'clock ID tbooveuiug 19- ,30 (67° F.) 

Here we see that the temperature of the air was at its maximum at 3 
o'clock, and that it had diminished by nearly a fourth at 9 in the even- 
ing. The radiation of the internal heat of the trunk and branches of 
the tree coutiuued, on tbe other band, to repair the losses aostained by 
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tbe leaves subjecteil to the inflnence of the noctnmat radiation until 6 
o'clock in the.moroing, when the temperature was found to be the same 
at V",33 (i feet) above the soil to the north and soatb, nt IG metres (3-'( 
feet) and at 21"«i5 (69 feet) on the summit of the tree. This is the 
period of the day when the celestial radiation has ceased to be prepon- 
derant, and when there is au eqnilibrinm between the effects of the ter- 
re^tnal radiatiuji and those of the celestial radiiition. 
lu July, 18G4, the results obtained were: 

At 9 o'clock in tho morning 21° .04 (70^ V.) 

At 3 o'clock in the evening 2.V.IJ4 (7C- V.) 

At 9 o'clock in tho evening 19^.00 (TG'^ F.) 

The progressive reduction again continued till 6 o'clock in the morn- 
ing, when the temperature was the same at l^.SS (i feet) above the soil 
to the north and south, and also at 16 metres (So feet) above tbe soil, 
ami was equal to 15'^.J^, (60° F.) If the months of January, 1SG3 and 
1184, be taken we have — 

1863. ie&4. 

At 9 o'clock in the morning 4=,57 (W F.) — (F.05 (:!1- F.) 

At 3 o'clock in the evening 7''.41 (45^ F.) +:i-.:vi (SS- F.) 

At 9 o'clock in the evening 5-.13 (41° F.) 0^.00 Si-' F.) 

At « o'clock in the morniuE 3^.19 (38° F.) — l-.OH (30' F.) 

It is thus seen that, whether we take tho trees with or without leaves, 
the heat acquired during the day dimiulshes till 6 o'clock in the morn- 
ing. 

We see now that it may be assumed as an ascertained fact that trees, 
exposed to the solar and celestial radiation, impart heat or cold to the 
contiguous strata of air, a property which had not previously been sus- 
])ected; it was supposed, on the contrary, that the evaporation which 
takes place by means of the leaves was always a source of refrigeration ; 
this may indeed exert an influence, but it is not the predominant cause. 
This question, however, will be resumed in another memoir. 

The experiments above spoken of were made on isolated trees, but 
the results have been the same on groups of trees sheltering one another, 
BO as to form an obstacle to the direct action of the sun; only the ele- 
vation of temperature in the trunk baa t>een found to be less, all else 
being equal, than when the tree was isolated. In fact, forests, coppices, 
and groups of trees must observe the same laws as the single chestnut 
tree; hut the effects of heat, of which we have been speaking, vary ac- 
cording to the height of the trees, the extent of their branches, and the 
uioss of leaves with which they are charged. What consequences 
Hhould be inferred in relation to the influence exerted by forests on 
the local climateT This question we shall answer on another occasion. 
We shall content ourselves here with saying that it is necessary tc) 
have regard to the nature of the soil, as to whether it be dry or humid, 
to the greater or less facility with which the air circnlates, to the ex- 
posure and other indeterminate causes which varj- according to locali- 
ties. But from the fact that the wood, under the influence of the sohii 
radiation raises the temperature of the ambient atmosphere, and lowers 
it under the effects of the nocturnal radiation, must we not infer that 
the stratum of air which has been heated gives rise during the night to 
a doable current ; an up|;>er one of warm air and a lower one of cool air 
which descends toward the ground) It may be that the warm air, 
being driven by lateral ctirrentSj has a tendency to ameliorate the tem- 
perature of Horroundirig ports. 

Under the tropics, and especially under the eqnator, where the solar 
rays act with the more force as they are less inclined, trees must pro- 
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dnce in a bigh degree the effects indicAted above ; effects which the 
DcigbboriDg strata of air eaauot fail to manifeet. On the other band, 
the uoctumal radiation, which is reiy great ander a sky almost without 
cloads, must act powerfully in hastening the refirigeration of the leaves. 

The following fact is, to a certain point, referaole to the heat which 
woods emit when they have been wanned by solar radiation. Every 
.one knows that at noon of a hot sammer day the air in. dense woods is 
almost of a stifling heat. It is usnal to attribute this effect to the 
absence of currents of air, and that, to a certain extent, may be true; 
but a concurrent cause of no little efficiency is the fact that, when the 
leaves and branches of trees have for some time been ex|>08ed to the 
calorific action of the snn's rays, they themselves become foci of heat. 

We have thus explained the sort of influence exerted by trees on the 
temperature of the air which surrounds the trunk and branches; yet we 
cannot confidently deduce the conclusion that the meau temperature of 
the place is further ameliorated by this state of things. To aid us in 
sohing this question, it is necessary t« consult the observations of tem- 
perature made in wooded and unwooded places, situated under the same 
latitude, having tlie same geological conditions, and at the same height 
above the level of the sea. 

Jefferson, in a work translated (1786) by the Abb6 Morellet, drew, 
^m observations made tit Williamsbuig and Monticello, (Virginia,) the 
conclnsion that, sine* the clearing away of the forest, a very sensible 
change had taken place in the climate ; the heat, as well as the cold, 
bad become leas vehement than before, as was testified by persons of 
no very advanced age. The snows, he says, are less frequent and less 
abundant, often not remaining in the valleys more than two or three 
days, and very rarely a week, while, within the memorj- ef the living, 
they are known to have been frequent, deep and durable. By old per- 
sons it is stated that the ground was covered with snow three months 
in the year, and that rivers, which now freeze very rarely, were usnally 
congealed every winter. These assertions, it will be seen, are based on 
testimony against which wu must be on our guard, for it may well be 
that years of extraordinary Inclemency were taken for those of an 
average temperature. Let us turn to observations whigh inspire more 
confidence, such as those discussed by M. Boussingault, and made by 
MM. Boussingault himself, IlumboUlt, lioulin, Itiveru, &c., in localities 
comprised between the Xlth degree of north latitude and the 5lh degree 
of south latitude, where the celestial radiation prevails, during the 
uight, in all its force. 

The mean temperature, by reason of the slight variations in the 
course of the year, is immediately given by that which is presented by 
the earth, in the shade, at 3 decimetres (1 foot) below the surface. Ob- 
serrations show that the temperature of the torrid zone varies from 
260.5 (80O F.) to 2S°A, (83° F.,) and that the abundance of forests and 
humidity tend to the refrigeration of the climate, while dryness and 
aridity produce contrary effects. These eSeota have been observed at 
different heights on the Cordilleras, where we find the mean tempera- 
tures of temperate regions. It has been asked whether this is the case 
in localities wooded and denuded of wood, situated beyond the tropics, 
where the mean temperatures being the same, the means of summer and 
winter are different I No observation has yet been made as to this imint- 

Observations subsequent to the preceding tend to show, on the con- 
trary, that disboscation on a great scale does not sensibly change the 
mean temperatnre. Humboldt has collated a great number of tbemno- 
metiic observations made at dlflierent points of North America, in order 
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to ascertain if the mean tetnpenttare had andergone changes after a con- 
siderable lapse of years. For about sixty-thi-ee years, from 1771 to 183-1, 
he t«lls us, thermomctric observations had been maintained nt thirty- 
five miUtarj- posts, so that we have far more exact ideas on the climate 
of Nortli America tbau existed in tlie times of Jefferson, Barton and 
Volncy. 

These stations were distributed over a space of iQ° of longitude and 
extended from the point of Florida and Thompson's Island, uudor 24°' 
33' of latitude, to Council Bluffs, on the Missouri. Un discussing the 
observations communicated to him, Ilumboldt anives at the foUoviug 
conclusions : 

These observations, he says, tend to demonstrate, contrary to au 
opinion quite generally adopted, that, since the first establishment of 
Europeans in Pennsylvania and Virginia, the climate, on either side of 
the Alleghanies, has not, in consequence of the destruction of numbers 
of forests, become more uniform, more mild in winter and cool in sum- 
mer, than it was before; nevertheless, as Ilumboldt himself acknowl- 
edges, denudation ought to ameliorate the mean temperature by effect- 
ing the disappearance of three frigoriftc causes ; first, the protection of 
the ground from the solar radiation and the maiutenivnce of a greater 
humidity J secondly, the production of aqueous transpiration by the 
leaves; thirdly, the multiplication by the extended branches of tlie 
surfaces which are cooled through the effect of nocturnal nuliation. AI. 
Boussingault^ as we have previously seen, has arrived at contrary* con- 
clusions, indicating that the abundance of forests and the humidity 
thence resulting tend to render the clunate cooler, and that dryness or 
aridity protluces an opposite effect. 

It might be, however, that, the mean temperature remaining the same, 
the distribution of heat in the couise of the year may be changed, anil 
that thus the climate may have been modified ; but it will not suffice to 
invoke the authority of documents relating to cultivation at the present 
time, for these documents will not bear a serious examination, as we 
have shown in our treatise on climates. 

Still, it is possible that nstep in advance may be made by taking into 
consideration observations which have thus far not received due atten- 
tion. The obsA\~ations regarding temperature which we have made in 
the interior of single trees and at the periphery of their branches show, 
as has beeu already said, that trees are affected like all bodies exposed 
or unexposed to solar radiation; that is to say, that they are heated or 
chilled according to their absorbent, reflecting, and conducting powers. 
These observations evince, moreover, that their calorific state dei>end8 
in great part on the solar action. What can we thence infer in relation 
to the indueuce of trees on the temperature of the air and the changes 
which that temperature undergoes as the effect of denudation 1 These 
changes result not only from the cause of which we have been speaking, 
bot further, we repeat, Irom the nature of the soil, according as it is dry 
or humid, calcareous, sandy, or argillaceous. Let us analyze the effects 
which may thus be produced. 

We will first consider a wooded soil : The trees, as hafi been just stated, 
become heated or cool ; but what results from this when the soil is dry 
nnd when it is humid T If the former, it will be without influence; if it 
is humid, the evaporation of water will maintain a constant humidity, 
the degree of which will depend on the temperature which the ti"ces have 
acquired and which will be independent of that resulting from the exu- 
dation by the leaves. The humidity caused by trees, when other things 
are equid, wUl be greater in wooded countries with an accillacepus 
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fonndation which retains the wat«r, because the roots do not pierce the 
subsoil or do so with difficolt;, thau in sandy formatioos which favor 
the infiltration of water. In the latter case, the humidity proceeds 
solely from the transpiration of the leaves. 

What ocoiira when a country is cleared of its woods, supposing the 
soil either pervious or in)per\-ious I The effects which result depend on 
the composition of the soil and on its absorbent, radiating, and conduct- 
ing powers. Of these an idea may be formed from the researches of 
Schubler. Commencing with the calefaotion of lands exposed to the 
sun, the following are the relations which are found to exist between 
different soils : 



DMigoittion of earths. 



of Iht op- 
being tOO^. 




BiliceoiiBsaDd, j'cUowUh gnu 
CalcareoOB Baud, whitish gn 

Pure gypaum 

Foot yellow iali clay 

Fertile tiny 

Whit* calcareous eurtli 

Otajisb-black liumus 

Grajiiih-blauk gordeu mold.. 



It will be seen that color and humidity are the causes which exert the 
greatest influence. The differences of teuperature due to thetw caases 
and that of the ambient air may, for the same soil, amouut to 14'^ or 15^. 

If we pass to the capacity of retaining heat, it will be found that all 
else being equal, the siliceous and calcareous sands, compared in equal 
volumes with the difiercot argillaceons earths, with lime finely commi- 
nuted, with humus, with arable and garden earths, at# the soils which 
conduct heat more imperfectly. This is the reason why saudy formations, 
in summer, preserx'e, even during the night, an elevated tempersiture. 
Vk'e may conclude from this that when a sandy tract is clejired of wood 
the local temperature must be raised, and with the great«r reason, inas- 
inncb as the cause of refrigeration exists no longer. After the sands come 
in succession argillaceons, arable and garden soils, and finally humus, 
which occupies the last rank. Representing by 100° the capacity which 
calcareous sand possesses of retaining beat, the following are the ratios 
obBer\'cd : 

Calcon-ims sand 100 

Silicioiw »3ml 95.6 

Ar^llac«<DUH earth ©?. 4 

' Gorileu soil 61. t* 

Hutuus , -■. 4^.0 

' It has been further established that the ca]>acity of retaining; heat is 

Eroportional to the bulk of the particles. It is on this account that 
md covered with siliceous stones grows cool more slowly than silitreoim 
sand, and that pebbly soils are better adapteil for matut^ng the gra^xi 
than chalky and argillaceous formations which cool rapidly. From this 
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it appears bow important it is, in the oxamiuation of the calorific effects 
reHulting from rlisboscatiou, to have rpfjard to the physical properties of 
the soil, when it is once deuuiled. Here probably is to be tbiiud the 
resisoii wily the conclusions which Humboldt has drawn from the ther- 
niometric observations luade at stations in North America, no attention 
httviiig been paid to the natnre of th<; soil of the denuded surface, <ire 
not the same with those at nhlcfa M. Boussingault has arrived by tukiug 
that condition into consideration. 

It has been competently proved, then, that the disboscation of a soil 
formed of a siliceous, pebbly sand, niuiit raise the mean temperature of 
the air more than any othei' formation, at the snme< time that it causes 
the disappearance of a source of humidity; while, if the soil is arf^illa- 
ceous, whether dry or humid, the capacity of warming the air and re- 
taining heat in, relatively to the former, in the ratio of G8.4 to 100. 
The vaiorilic effect mnst be considerably less from the denudation of a 
dry formation. 

We see now in what manner we should consider the influence of disbos- 
cation on the t«mperatore of the air. The effects, however, are so com- 
plex that we can only determine the resultant by the help of diurnal 
ob8er%~ations of temperature ; it is necessary besides to collate the max- 
imum and minimum temiieratures, which jilay a verj' important part in 
the constitution of climates, aud to Lave regard to the nature of the soil. 
We shall resume this question on an early occasion. 

The following illustration is of a nature to give an idea of the influ- 
ence which forests may exert on the climate of a vast region. The 
presence of extensive forests iu the tropical portions of the Afric^ui con- 
tiuent, situated under the meridians of the western part of Europe, 
vould iirobabl}' modify the ascending current of warm air which at 
present results from the beating of a sandy surface, and which descends 
utwn the middle latitudes of Euroi>e. If, in the Ia|)se of centuries, the 
sands of the Sahara should become covered with woods, these sands 
would not be heated to so high a degree as at the present e|x>clt ; con- 
sequently the winds of the south, which now mollify our cUmate, hav- 
ing no longer so high a temperature, would render it moi"c rigid. To be 
satisfied of this it is sufficient to consider the state of things on the 
American continent, where tlie tropical regions are occupied by vast 
foi'ests, immense savannas, or great water-courses ; the descending cur- 
rents of warm air cannot moderate the climate of countries sitnated in 
the middle latitudes of North America as much as the warm currents 
coming from the Sahara mitigate the countries of the eastern conti- 
nent situated under the same latitudes. And here is precisely the rea- 
son why the western continent, imder corresponding latitudes, is colder 
than ours, judging from tbe objects of culture and the course of the 
isothermal lines in each. • 

Nor does it suffice to study the calorific influence of the extirpation of 
woods upon climate; it is further necessary to inquire into the action 
which it exerts on the sources of streams, aud the physical effects pro- 
duced in mountainous countries on a denuded soil, as well as those re- 
snlting from snch denudation ui argillaceous and humid formations. 
Another observation we will make, aa not being without some import- 
ance : It has been previously seen that a tree becomes warm or cool 
like an nnorganizetl body, and that in proiiortiou as the leaves are cooled 
at night by the effects of the nocturnal radiation, tbe loss of heat is 
repaired by a radiation transmitted by tbe trunk and branches ; this 
state of things, which has not been hitherto noticed by physicists, hin- 
ders the air &om being chilled aa much as if the calorific radiation of 
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tbe trees had not taken place. The influeoce of woods in cooling tlie 
air is not as great, therefore, as lias been supposed. TLe state of tbe 
soil, moreover, siugularlj' modiAes that influence. 



Tbe effects of disboscation on the sources and quantities of li\ing 
water which irrigate a countrj' are of most important cousideratioQ, and 
hence require serious attention. The difficulty in verifying these eifects 
is the greater inasmuch as it is impossible to say, a priori, whether a 
forest or portion of a forest, destined to be cleared away, contributes to 
siq>ply snch or sncli a soimie, such or such a river. Springs are owing, 
in general, to the infiltrations of rain-water in a pervious formation, 
through which this water sinks until it meets with an impervious stra- 
tum, flowing over the latter when it is in an inclined position, and event- 
ually rising in streams or fountains. The water of wells has the same 
origin. Large springs arc ordinarily found in mountainous regions. 

Forests also contribute to the formation of springs, not only by reason 
of tbe humidity which they produce, and the obstacles which they op- 
pose to the evaporation of the water which falls on tbe surfiice, but fur- 
ther because of the roots of tbe trees, which, by dividing the soil, render 
it more pervious and thus facilitate infiltration. A great number of 
illustrative examples have been cited, hut we shtUI here adduce only a 
few which may be regarded as among the most remarkable. 

Strabo informs us that it was necessary to take great precautions to 
prevent the country of Babylonia irom being snbmerged. Tbe Eu- 
phrates, which begins to swell, he tells ns, at the close of spring, when the 
snows melt on the mountains of Armenia, overflows at tlie begiDuingof 
summer, aud would necessarily form vast accumulations of water on the 
cultivated lands were not the superflux turned aside by means of trenches 
and canals. This state of things exists no longer. M. Oppert, who 
some years ago traveled through Babylonia, reports that the volume of 
water conveyed by the Euphrates is much less than in past ages, that 
inundations no louger occur, that tbe canals are dry, the marshes ex- 
hausted by the great heats of summer, and that the country has ceased 
to be insalubrious. This retreat of the waters can only be attributed, 
as he found means to satisfy himself, to the clearing away of the forests 
on the mountains of Armenia. 

The effects in question, though denied by some, are not the less in- 
eontestible, as is shown by examples which I proceed to report and 
which rest upon observations worthy of entire confidence. 

De Sauasure {Voyage dam lea Alpes, t. ii,ch. 16) long ago {winted out 
the diminution of water in the lakes of Switzerland, especially in Lakes 
Morat, Neufchiltel, and Bicnne, as a consequence of the clearing away 
of the forests. Choiseu] Gouffierwasnotabletodistingniah in tbeT^oail 
the River Scamauder, which was still navigable in the time of Pliny. 
Its bed is now entirely dry ; but the cedars also, which covered Mount 
Ida, whence it took its source, as well as tbe Simois, exist no longer. 

M. Bouasingault, (Annates de CMmie et de Physique, t. xiv, p. 113,) 
who studied this subject during his sojourn in Bolivia, selected as the 
subject of his observations the lake« situated in the plains or on diflvr- 
eut steps of the mountains. The valley of Aragua, province of Vene- 
zuela, situated at a short distance from the coast, has a \'ery favorable 
climate, and is of great fertility. It is closed in on every side, the rivers 
which traverse it having no issue toward the ocean; by their, union 
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tbey form the Lake of Tacarigna or Valeuciaua, whicli, at the time whco 
Humboldt saw it, had been iiiidergoiug'for some thirty years a gradual 
de^^iccition^ the cause of which was nokuowu. Oviedo, the historian of 
Venezuela m the sixteenth ceutnry, relates that the city of Nucva Va- 
leuciu WAS founded in 1355, at the distance of half a lengiie from the 
Lake of Tacarigua, from which, when Humboldt was there in 1800, it 
, was distant 2,700 toises, (3J miles,) a proof of the retreat of the waters 
confirmed by a number of facts. According to the celebrated traveler 
just uamed, the diminution of the waters was directly attributable to 
the clearing away of numerous forests. 

Li 1822, M. Boussinganlt learned of the inhabitants that the waters 
of the lake had exhibited a very sensible elevation; lauds which were 
before cultivated were then submerged. It is to be noted that, for the 
term of twenty-two years previous, the valley had been the theater of 
bloody contests during the war of independence ; the population had 
been decimated, the lauds had remained untiUed, and the forests, which 
grow with prodigious rapidity under the tropica, had eventually occu- 
pied a great part of the conntry. We see here the influence of woods 
ou the quantity of water which flows or settles in a conntrj', since lakes 
which had been exhausted by the removal of forests were again replen- 
ished hy their restoration. 

M. Boussinganlt cites several examples which lead to the same con- 
clusion in regjird to the inflaence exerted by great masses of wood on 
the liriug waters of a conntry. We shall quote two of the moat remark- 
able. In 1S26, the metalliferous mounbiins of Marmato presented only 
some miserable cabins inhabited by negro slaves. In 1830, this state 
of things no longer existed ; there were numerous work-shops and a 
population of 3,000 inhabitants. It had been found necessary to level 
much wood : the denudation had proceeded but for two years, and already 
a diminntiou was perceptible in the volume of water available for the 
labor of the machines. Tet a pluriometer proved to M. Bouasinganlt 
that the qoantity of water which had fallen in the second year was 
greater than that which fell during the first. This fact tends to show that 
disboscatton may diminish and occasion the disappearance of sonrees, 
though, from that circumstance, no inference is warranted of the fall of 
a less quantity of rain. The second example is derived from the table- 
lands of New Grenada, at an elevation of from 2,000 to 3,000 metres, 
(6,500 to 9,800 feet,) where there is a temperature during the whole 
year of 14° to 16°, (57o to 61oF.) The inhabitants of the village of 
Dubat^, situated near two lakes, which were united sixty years ago, 
have witnessed the gradual subsidence of the waters, insomuch that 
lands which, thirty years since, were under water are now eiibject to 
cultni«. The examination of local conditions and other investigations 
made by M. Boussinganlt, convinced him that this change was due to 
the disappearance of numerous forests which have been cut down. At 
the same time other lakes, such as thatof Tota, at a short distance from 
Fiiquen(i, situated in localities where the woods have been undisturbed, 
liave undergone no diminution of their waters. M. Desbassyres de 
Bichemout has also discovered that there exists in the Island of Ascen- 
sion, at the foot of a mountain, a fine water source, which became dry 
in consequence of the denudation of the neighboring heights, but has 
been restored since the forest was again allowed to grow. 

To complete the documents which may setve for the elucidation of 
this question, there are still some important observations to be brought 
forward. M. Berghaus {Coura ^Affricidture de SI. de Gasparin, t, li, p. 
14G) finds that the voinme of water in the Oderand the Elbe underwent 
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diminution, from 1778 to 1835 in the first of these rivers, and from 1828 
to 183G in the second, and that this diminution was so sensible that, 
should it proceed at the same rate, it would be necessary at the lapse 
of a certain period to change the construction of boats ; here, however, 
statistical observations evince that this fact cannot be attributed to the 
extermination of the forests of the mountains. In order to explain it, 
inquiry has been made whether the quantity of rain falling in the difl'erent 

Earts of Europe has not undergone a corresponding dimluittion, but the 
ypothesis has not been sustained. In fact, since ll>»!t, during which 
interval the quantity of rain falling at Paris has been observed, a sli(;ht 
augmentation, rather than any diminution, has been verified. Cesaris 
lias recognized the same increase for the city of Milan from 17C3 to the 
present eiM>ch ; and a similar result appears, in regard to Bochelle and 
Che basin of the Rhone. The supposition of a diminution of raiu being 
hence untenable, it has been surmised that possibly the number of rain- 
falls may have changed, a coi^ecture founded on the generally admitted 
fact that a great rain famishes more water to the river courses than the 
same quantity distributed over several days with intervals of dryness. 
But the discussion of the observations has afforded no confirmation of 
this view. It has been found necessary to fall back upon the changes 
produced in climates by the progress of cultivation. 

It may happen, as has sometimes been the case, that concussions of 
the earth dry up the sources of streams, but this is not common. A 
great number of facts demonstrate, on ttie other hand, that the dlmiiiu- 
tiou is often an almost immeiliate sequence of extensive clearings. We 
would point especially to the instance already cited of the water-cooraes 
of Marmato. Nor are there other examples undeserving of a passing 
reference. The Romans were able to bring to Orleans the waters of the 
fountain of Etuv^ which at the present time is entirely dried up. Ex- 
tensive excavations, made within a few years, have brought to light the 
foundations of Roman constructions where no source of water any longer 
exists; a stream, moreover, to the east of Orleans, which contributed 
to the defense of the city daring the siege in 1428, and which was con- 
siderable enough to torn mills, has completely disappeared. Now, on 
that side of Orleans there were great forests, which have been cleared 
away. In consequence of these clearings the wells of the city have 
continued to yidd less and less water, so that the municipal admioia- 
tratiou faa« been obliged, within a few years, to incur an expense of 
300,000 francs ($00,000) in order to bring potable water from the source 
of the Loiret. 

In the canton of Ch&tillon-sur-Loing there is a commune called SaiDt«- 
Genevifeve-des-Bois, which would appear to have been once a tract of 
forest, but which presents to-day only small groves scattered here and 
there. A stream formerly Sowed at the foot of the town where at pres- 
ent exists only itd dried bed, never containing water except in winter. 

In discussing the important qiiestion of the infiuence of disboscation 
on water-coursca, we arrive at the following conclusions: 1, Extensive 
clearings diminish the quantity of spring or flowing water in a country; 
2. It cannot yet be determined whether that diminution should be attrib- 
uted to the less considerable qnautity of rain which falls^ or to a greater 
evaporation of the pluvial supply, or to both causes united, or to some 
new distribution of the water derived from rains; 3. The cultivation 
practiced in an arid and denuded country dissipates a part of the flowing 
waters; 4. In countries which have undergone no changes in cultivatton 
the quantity of water in streams or from sources appears to be always 
the same; 5. Forests, while preserving aach waters, economize and re^- 



FORESTS AND THEIB CUMATIC INFLUENCE. 416 

nlate ttieir discharge; 6. The hnmidity ^hich prevails ia woods and the 
fuuction of the roots in making the soil more perviond, should 1>e taken 
into consideration ; 7. The clearing away of forests in monntainoas coun- 
tries exercises an influence on the streams and springs in the lowlands, 
especially in the latter; 8. Uence the action of forests upon climate is of 
a highly complex nature. 

With the means of securing salubrity now at our disposal, there is no 
occasion for apprehending unhealthy swamps as the result of the extir> 
pation of forests. Ifor need it be inferred that the denudation of a 
country entails sterility. As examples, England and Spain may be 
cited, which present, the one only 2 per 100 of wooded surface, the other 
3.17 per 100. The former has a marine climate, marked by the frequent 
prevalsace of southwest winds charged with vapor to the point of satu- 
ration, which produces fogs on the least lowering of the temperature. 
Spain has not a similar climate, but its most fertile parts are those 
watered by large rivers, while the great table-lands are absolute deserts. 

Prom what has been said the question presents itself whether the ex- 
tirpation of a great forest in the vicinity of a fertile plain possessing 
only springs of water, might not give reason to fear the desiccation of 
these springs in whole or in part and the consequent impoverishment of 
the country t The denudation of an arenaceons country may lead to the 
desolation of the neighboring plains through the incursions of the sand, 
as may easily be conceived front the explanation given by M. Clievrem 
of the formation of downs in the Landes of Qascony; the sand is here 
driven by the winds until it encounters an obstacle, when a barrier is 
formed which arrests the discharge of the waters; these moisten the 
base of the heap, and by capillary a«tion ca-use the particles of sand to 
cohere and become fixed to the soil; the winds remove only the upper 
part, which, being carried forward, continnes to form new downs until 
the plain in the end is wholly overwhelmed with sand. 

A forest, interposed in the passage of a current of humid air charged 
with hurtful miasms, sometimes preserves from their influence any tract 
which is thus sheltered; while uncovered regions, as is exemplified in the 
Pontine marshes, are exposed to the baleful influence. Trees, therefore, 
t«ndto purify an infected air by absorbing or obstructing its pestilential 
constituents. Still another kind of action is exercised upon climate by 
the presence of forests; the trees of lofty growth which compose them 
withdraw electricity from the clouds, and thus to some extent neutralize 
the disastrous effects of Btonns. 

The restoration of forests npon the mountains is an operation of prime 
necessity for the preservation of the latter; its ivdvantages result: 1st, 
from the increased fecility with which the rain-waters penetrate into the 
soil and even the subsoil, being traversed by roots which promote infil- 
tration; 2d, from the effects produced by the resistance which forests 
oppose to the passage of masses of air saturated with vapors in motion, 
which promptly descend in rain on being forced upwards and compressed 
by the obstacle; 3d, from the humidity which generally prevails in the 
interior and in the vicinity of woods and which gives place to a precipi- 
tation of dew when the temperature of the air is lowered. 

Of the transformation of lands from which the forest baa been re- 
moved into marshes, some striking examples may be cited, and those 
not in Asia Minor, of which mention has been made elsewhere, but in 
France itself. It is to be observed that when trees are cut down, the 
roots of course die and the soil becomes more compact. La Brenne, 
aitnated between the Indre and the Creuse, presents a circular surface 
ot more thoa 200 kilometres (126 miles) in circumference, or nearly 80,000 
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hectares, (!fl",680 acres.) The soil of thia conntry, which is ar^lo-sili- 
ceous, rests on a sabstratnm of impenetrable clay which resists the infil- 
tration of water; it is thickly covered with pools, to which are attributed 
the intermittent fevers prevalent throughout the district. Ten or twelve 
centuries ago it was occapied by forests interspersed with meadows, 
watered by rnnuing streams and fountains, and there existed then neither 
pools nor swamps; on the contrary, it was renowne<l for the fertility of 
its pastures and the amenity of its climate. Tbe disappearance of the 
forests was succeeded by collections of stagnant water which took pos- 
session of the now nnprodactive and worthless soil, and this to snch an 
extent that in 1714, the tract of Bonchat-en-Brenne alone counted no 
less than one hundred and nine of them. (Pigaiiiol de la Force, Descrip- 
tion de la Fraitce.) A like state of things apjH'ars in Sologne, which rep- 
resents a surface of 450,000 hectares, {1,112,000 acres,) an<l which has 
become proverbial for its insalubrity. Tlie deplorable condition in which 
we see it did not always exist. Historical documenta show that a great 
port of this countrj- was of old clothed with woods. Their extirpation 
has been succeeded by accnmnlations of water, fens, and the attendant 
malaiHes. At the present day the removal of the forest nee<l not involve 
so calamitou.s a eonitequence, for modem ingenuity has placed at our 
disposal the means of restoring salubrity and fertility to swampa and 
moor-lands of even long standing. 

The effects produced in mountains clearly evince the action of roots 
in promoting the infiltration of rain-water and the alimentation of 
sonrces. In a mountainous country the extirpation of forests promptly 
leads to the formation of torrents. Of this the Alps furnish unmerous 
examples. When, in fact, vegetation is left to develop itself freely on 
the sides of mountains covered with the detritus of rocks iVom the sum- 
mit, dense forests of spruce and larch quickly occupy their flanks, and 
the interlacing roots form a net- work which binds and protects the soil. 
If clearings are inconsiderately made in the direction of the slopes (lie 
waters follow the course of the openings, and, carrj-ing with them the 
vegetable deposit, rapidly excavate iurrows. These furrows extend with 
time, and end by forming torrents. Nothing of this sort occurs whero 
the woo4ls have not been felled. All the e^istern part of the department 
of the Hautcs-Alpes presents numerous results of this kind. 

We thus see that the presence of a forest on a surface of steep inclin- 
ation counteracts tbe formation of torrents, while disboscation exposes 
the soil to their ravages. This effect it is easy to explain when tbe soil 
is once occupied by vegetation, first by the "humbler plants, then by 
trees whose roots, forming a sort of felting, give consistence to the 
gronnd at the same time that the branches and leaves break the force <>f 
heavy rains. The trunks, the off-shoots, the brushwood, multiply ob- 
stacles in the way of the currents which would otherwise furrow the 
eartii. The eifect of vegetation, therefore, is to give more stability to 
the soil and to distribute the waters over its whole surface, so as to pre- 
vent their following the drains in a mass, as would be tbe case if the 
earth were denuded. Tlte soil, being dirided hy Ike roots and covered triih 
aporom liumm, absorbs a part of tlie waters which cease to flow down 
the slopes and are conveywl by percolation to tbe low grounds, wbero 
they Rer\-e to feed streams and fountains. Such are tlie benefits resnltiiig 
from the presence of forests on mountains and inclined surfaces expased 
to torrential rains. 
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[IVvMliiW/nM UtB Qemmfar O* OaUbtalM iiuHtiilioii.] 

* * * As furnishing the finest ezempliflcationsof the WidmannBt&teD 
flgores, as well as the purest and raiest kiads of siderites, ma; be cited 
t&e meteorite of Braunau, tiie meteorite of Seolasgeo, the Fatniun 
meteorite of Georgia, and the Corflioget meteorite foaDd here in Wi»- 
oonsin. According to the cUssiflcatioa made by Professor Sbepaxd^ the 
hut belongs to the order of the taniastic aiderites, (ribbon sidentes.) 
Besides t^s specimen, there has bewi adduced by Professor iShepara 
only one example of the order in question, which was foond, in 1801, at 
the Cape of Good Hope. 

lu a report which, in the beginning of September, 1868, 1 bad the 
honor, at the instance of the Wisconsin Society of Natural History, to 
lay before it, lespecting the iron meteorite found in that State, and which 
contained the results of an exploraticm of the locality where tbe meteorite 
was found, conducted by Mr. G. Ddrflinger and myself it was stated th^ 
in July, 1868, there was presented to the museum of the society, by its 
secretary, Mr. Dorflinger, a piece of iron of sixteen pounds weight, 
which haid been found in Washington County, Wisconsin, by pariies 
^S^cd in cultivating a ^m. This piece, upon scientific investiga- 
tioQ of its physical properties by Mr. iSorflinger, proved to be genuine 
meteorio iron. The soriioces ground and polished with a view to its 
examination, when treated with nitric acid, exhibited Widmannstaten 
flgores of the greatest beauty and distinctness. A qualitative chemical 
aualyaiSjCOuducted by tbe director of the miueralogical section of tba 
society. Dr. G. Bode, confirmed the discovery. The place where the 
moBS of meteoric Iron was found is in section 33, Washington County, 
Wisconsin, on a small £ann belonging to a farmer named Louia Korb. 
In the ioM. of 1358, £orb, in working his iasnL, struck with his plow 
affainst some hard ol^ect, which lay about ten inches under the earth. 
l^e supposed gtone proved to be a mass of metallic iron of sixty-two 
poanda weight The representation of this mass, as regards both its 
magnitude and form, lies before the society in the drawing executed 
by Mr. Ddrfliuger, at the place of discovery. 

In the years immediately following that last mentioned, Korb found 
Bimilar but smaller pieces of meteoric iron to the number of four, as I 
am informed, within a circuit of firom two to three rods from the place 
where the first and I^-ger mass was lying. One of these pieces is the 
iron meteorite of sixteen pounds weight presented by Mr. Dorflinger to 
tbe society. A second piece I procured, in coiyunction with Mr. Ddrfliu- 
ger, at Cedarbnrg, where it had been kept until then. This weighs 
seven and three-quarter pounds. A thinl piece we obtained from the 
printuig ofKce at West Bend, where it had been for several years, bat 
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withoattheleastrecognitioD of theofttareoftliemiDeTat by any oDd either 
there or at Cedarburg. A fourth piece Bhould have been at the Korb 
farin-hoase, but in not now to be found. The mass of sixty-two pounds 
weight has, for a short time past, been in the cabinet of uatnral history 
of L A. Lapham, who succe^ed in purchasing it. 

The place where these nieteoril.es were found, and ita environs for a 
mile in circamference, form a hilly tract quite thickly covered by forest 
trees. The soil of this hilly district is a calcareous or argillaceous loam. 
Everywhere in the region are to be found fragmentary angular stones, 
often several feet in diameter, and also round and smooth ones, all of 
the oldest formation, which come from the so-called azoic rocks in the 
north of Wisconsin, and which are interspersed in the quaternary diln- 
vium. This last forms a calcareous belt, thirty-six miles wide, along the 
shore of Lake Michigan to Oreen Bay, and is regarded as belonging to 
the Niagara and Olintoa limestone formation. 

These drift rocks (Trummeraesteine) often cause the cultivator great 
labor in reclaiming the land. It is customary to see large pyramids of 
stones heaped up in the fields, which the farmer has dragged together, 
with no little trouble, before he cau till the soil. This is the case at 
Kerb's farm to a very extraordinary degree. To the quartzose and 
granitic rocks strewed over this region, at an earlier time, and lying 
nncovered or close under the soil, it is probably to be ascribed the fact 
that the masses of meteoric iron which have been found had not to be 
withdrawn through any very deep excavations of the ground. 

As Korb, and probably many others of the vicinage, had been led by 
the finding of these ii-on meteorites to conjecture the existence of ritdi 
treiisures of iron ore within the eatth, I sought the more strenuously to 
remove the disbelief in the cosmical origin of the bodies in question, 
especially as that origin had not at the time received the incontestable 
confirmation of chemical analysis. 

Close to Kerb's farm lies another on which is found, in the midst of 
a wood, a small and very deep pond in the moor land. Near to it is a 
ferruginous spring. On closer observation I found that this waa nothing 
more than water tlowing from the moors, and soon becoming stag- 
nant through an overgrowth of decaying plants — showing a slight im- 
pregnation of iron — less even tban much of the water drunk at Mil- 
waukee. Only a few hundred st^ps from this, also in the forest, is a 
rather large and very deep pond, surrounded by a quaking and scarcely 
passable bog, some four hondrea feet long and two hundred wide. The 
pond is called Burns's Lake. Tbe whole scenery makes a dreaiy aad 
uncomfortable impression on the mind. I have generally failed to find 
hereabouts minerals containing iron, though Iron Ridge stretehes from 
Dodge County almost to the borders of Washington County. 

According to Dr. Q-. Bode's report, submitted to the Wisconsin Society 
of Natural History', he has taken the samples for the careful chemical 
analysis which he lias executed from the piece weighing sixteen pounds. 
This piece is externally covered with a brown, almost polished coat of 
oxide of iron, imparting but slight coloration; within, it is nearly of the 
whiteness of silver; it is very soft, but of great toughness. The so- 
called Widmannstateu figures, characteristic of meteoric iron, admit of 
being produced with great distinctness. 

The specific weight of the mass amounts to 7.3272. One hundred 
parts contain, of iron, 89.22 per cent.; of nickle, 10.7!> per cent.; of 
phosphorus, 0.69 per cent., and a trace of cobalt. 

The composition of all meteoric iron masses, thus far examined, is 
very aimilar. Of nine different analyses, known to him, Dr. Bode s 
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tbe aTerage contents in nickle at 10.30 per cent. The relative qoantity 
of phosphorus is, in nearly all, higher than the above. On the otbra* 
hand, most of the iron-meteorites contain traces of other substances 
mentioned before. 

From tbe absence of other constitnenta, the meteoric iron discovered 
in Wisconsin is the pnrest which has been hitherto fonnd ; it is distin- 
gnished for its beanty, and only one other meteoric iron mass now known 
shares in an equal degree the characteristic of its species. 



Digitized by GOOJ^Ie 



EEHARKABLE FORMS OF HAII5T0NES RECENTLY OBSERVED 
IN GEORGIA. 



the Joumal of the Anatrian Heteorological Society, toL It, p. 4177} 



1 take this opportnoi^ of givin g you a preliminary notice of two luul- 
storms, of both of whic& I waa fortunate enough to be a witness. The 
phenomena were of so uuusual a character that they are well worthy of 
a full and precise account. 

They took place within fourteen days of each other; the first on the 
27th May last^ at 3 p. m., the second on the dth Jane, at 6 p. m. The 
localities were not far asunder, being both In the neighborhood of Tidia, 
near Beloi Kliutsch. The morphological characters of the hailstonea, 
which were very large, as much as sixty or seventy millimetres (2 J inches) 
in diameter, were as remarkable as they were dissimilar. On the first 
occasion they were oblate spheroids, resembling Mandarin oranges, while 
their structare seemed almost organic. On the second there was a fall 
of actual ice crystals, an occurrence which has nerer before been noticed, 
at least as far as I could discover from the literature within my reach. 
The stones were not mere lumps, exhibiting indistinct crystalline forms, 
but spheroidal bodies of definite crystalline structure, overgrown along 
the plaue of the major axis by a series of clear crystfds exhibituig vari- 
ous combinations belonging to the hexagonal system. The commonest 
forms were those which occur in calciie and specular iron. Of the for- 
mer type, by far the most abundant were combinations of the scalen- 
ohedron, with rhombohedral faces ; crystals of fifteen to twenty millime- 
tres (^ inch] in height, and corresiwnding thickness, prettily grouped with 
combinations of the prism and obtuse rhombohedra. The terminal plane 
was also occasionally noticeable. Some which fell at the beginning of 
the storm were fiat, tabular, crystalline masses, thir^ to forty millime- 
tres (Ij inch) in diameter, resembling the so-called i' eisen-rose," which 
occurs at St. Ootthardt. 

The stones, when picked up quite fresh, showed sharp edges, with 
faces which were for the most part slightly curved like those of diamond ; 
however, those which I took to belong to the scalenohedron were per- 
fectly plnne. 

I was in the open air when each of the storms began, and was able to 
gain shelter before I received any injury. This was fortunate, for the 
damage done, even to large trees, was very serious. 

I reached home in a quarter ot an hour, and found a pail fall of the 
largest stones, which had been collected as soon as the first fright had 
passed over. My bouse was not much damaged. I sat down at onoe 
and drew ten of these remarkable forms, which had scarcely undergone 
any alteration. 

I have often thought over our conversations about hail, and I see that 
if I now applied all the theories which have ever been broached to the 
facts which have come under my own notice, not a single one of them 
will give me any light toward their explanation. I would ask how such 
a regular growth of crystalliue masses, reminding us in their character 
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of the drDBy ciyat^s of calcite from Aodreasberg, can be reconcUed 
with the violent atmoBpheric commotion which wr suppose to accom- 
pany the formation of hail. We say in naturd nihil fit per aallus, and I 
believe it The growing crystalline mass most have been suspended 
for a long time in a very cQld stratnm of aqaeons vapor before it reached 
the earth, 

[The two sabjoined cuts are copied as closely as possible from the 
ongina) drawings.] 

^ I woold only add, by 

way of a hint, to explain 
what cannot be shown by 
such imperfect drawings, 
I that where the flat sphe- 
roidal forms, resembling 
specular iron, in the cen- 
ter of the drawing, exhibit 
shading, the crystals were 
not always opaque. The 
ring snrronnding the nu- 
cleos had a milky appear- 
ance, owing to small air 
babbles, aa had the nu- 
cleus itself in most instan- 
ces. Many of them, how- 
ever, had a clear nucleus. 
This could easily be seen 
next morning, when the 
stones had all melted 
down to cakes of about an 
inch iu diameter, occi^ 
sionally taking the shape 
of a regular hexagon. 
The milky ring round the 
} central point was clearly 
distinguishable as a sort 
of fibrous web composed 
of the finest air cavities 
traversed by threadlike 
pores. In some cases there 

B* (af tha aatiml iIm) af tw* of ttie hall, nran nn rinn anil f ha nn. 
D G«nl. on tlu 9Ui JiiDt, ISO), dnn at ^ °" ""S, Bjoa IQB nU- 

ith Atricb. clens was semi-opaqne. 

The shading ronad the border of the large circle is only intended to 

mark the smooth spheroidal form of the central mass. The actaal 

crystids were attached parasitically to its edge, or else inserted in a 

sort of socket, aa I found when the stones thawed down. (See a. Fig. 

All the stones contained fine air pores, pear-shaped or worm-like, 
rrmaing from the center to the circumference. The drawings are as 
near aa possible natural size. 
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EEDPnON OF THE VOLCMO OF COLIMA IS JUNE, 1869. 



COHUCinCATED BT Db. Cbablbs Babtortos. 



To the northwest of the town of Colima rise, above lower mmmtauis, 
two lofty volcanic pealcB, the more easterly, capped with snow, being 
3,796 metres {12,434 feet) in height, the more westerly, with a conspicn- 
ons crater, 3,580 metres, (11,745 t^t.) The latter had an eruption in the 
year 1818, but had since remained in repose, though thin clouds of 
smoke often ascended from its summit. 

On the 12th Jnne, 1869, a dense smoke issued fhim the crater and at 
night a bright light was visible at its mouth ; detonations like the dis- 
charge of distant artillery were heard, but no coucussion of the earth 
took place. On the 13th there was observed from the hacienda (ferm) of 
San Marcos, four leagues distant from the volcano, on its northeast side, 
at the foot of the steep cone, a glowing heaving [Anschwellung) of the 
sorface, which continued to increase, and display^ intensely Ijiminons 
cleftSj nx>m which were fleeted smoke and r^-hot stones, extending in 
the du^ction of the snowy peak above mentioned. 

The civil engineer, Bicardo Orosco, ascended the volcano on the 15th 
of June, accoropaiued by two servants and a (niide. At 6 o'clock in the 
morning he left San Miutuys, and reached at 12 o'clock a plain at the 
tbot of the steep cone, where he left the horses. A heavy storm was 
prevailing, the temperature of the air being 10° B^nmur, (55° F.) On 
a second small plain upon the northeast side of the monntain was the 
new upheaval, which ascended to the scarp of the cone and stretched 
in the direction of tho snowy peak, the latter being 4,500 metres (2} 
miles) distant. The apheaval In question seemed to be some 35 metres 
(114 feet) high and 230 metres (764 feet] broad, forming a flattened arch. 
The appearance was that of a wild mass of volcanic, red-hot rocks 
heaped one upon another and constantly in motion, not unlike freshly 
burnt lime when sprinkled with water. The rocks which rolled down 
were, on cooling, of a gray color. A piece broken off rang like glass 
and was vitreous and i>oroas. In the middle of the upheavra mass the 
movement was strongest; there large clefts and intense light were dis- 
played, wliile engulfed stones, which were swallowed up in great masses, 
were followed by a noise as of violent wind and by clouds of smoke, 
sometimes blue, sometimes yellow. The temperature of the air in the 
vicinity was 42° K., (12G° F.) The stones in the midst of the heaving 
mass seemed to be sot^ned, though not melted, and no flow of lava 
took place. Orosco ascended the cone in order to observe the phenome- 
non from above. This cone is very steep, and consists of sand and vol- 
canic rubble. The temperature on the summit, which was reached at 
2 o'clock p. m,, was found to be 4° E., (41° F.) From hence the whole 
of the new upheaval could be surveyed. In the middle of it the moet 
vehement movement was in progress, attended by tho constant upheav- 
ing and descent of rocky masses, Are, and blue and yellow colunms of 
smoke. 

The upper (iincicnt) crater has' a diameter of ISO metres, (492 feet,) 
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descends in a cone-like form, and sbows aroand its circumference many 
flasores and rifts. From the center and vails arose a dense sulpburoos 
vapor. The ^ases from the new theater of emptiou had a smell like 
that of bamiug stone-coal. 

The descent was very toilsome on account of the rolling stones. At 
3.30 p. m. the horses were reached, and at 9.30 the hacienda of San 
Marcos, where many were waiting to leam the result of the expedition. 
The report of Orosco was, that the district was threatened with no dan- 
ger, as no lava was issuing, and the fissures being open gave no reason 
to fear any explosion from the tension of confined vapors. Later ex- 
plorers of the volcano found a fissure from the new upheaval to the up- 
per peak, one to three feet wide and about three feet in depth, bat 
neither heat nor vapor issuing from it. The latest reports inform us 
that the same phenomena in general continue to present themselves, but 
that such volumes of fetid gases issue from the fissure, that the inhabi- 
tants of the district were forced to leave their abodes. Cows and 
sheep were killed thereby, so that it was found necessary to drive away 
the herds from the neighborhood of the volcano. 
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